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ABSTRACT 
Detention Basins for Phosphorus and Sediment Control in Clark County, NV 
by 
Amina Rashid Lodhi 
 
Dr. Zhongbo Yu, Examination Committee Chair 
Professor of Geosciences 
University of Nevada, Las Vegas 
 
Dr. Kumud Acharya, Co-Committee Chair  
Associate Research Professor 
Desert Research Institute  
 
Nonpoint source urban stormwater runoff degrades aquatic ecosystems, and 
causes flooding. To mitigate its effects on natural and human environments best 
management practices (BMPs) became popular strategies to protect the integrity of water 
quality. Similarly, to mitigate the effects of stormwater quantity, detention basins (DBs) 
were put into place as flood control structures. Water quality control remains an 
unexplored and important aspect of DB utility, particularly, in arid regions. Since DBs 
are depressions in the earth and retain water over the course of several hours to days after 
a rain event, they can potentially act as BMPs. A key pollutant that DBs serve to settle 
out is Phosphorus (P). This study examines P concentration, and its relationship to 
particle size of flooded and dry sediment microcosms obtained from pre and post-rain 
samples of six DBs located in Clark County, Nevada (NV). DBs were allotted a land use 
classification (high, mid, or low development) to determine if there was a correlation 
between P soil concentration and surrounding land use. The results from this study 
indicate that: 1) overall post rain sediment samples have higher P than pre rain samples 
and that outside vs. inside sediment P concentrations are variable based on the individual 
iv 
 
DB, 2) majority of the particulate sediment P comes from DBs in low developed areas 
while majority of the dissolved P comes from DBs in mid to high developed regions, 3) 
there was a correlation between particle size and sediment P concentration, with finer 
particles having higher P concentration than larger particles, and 4) a correl ti n between 
particle settling rate was found which, therefore, affects P accumulation within a DB. As 
management recommendations, installation of berms, conversation to a two stage 
formation and changes in riser/outlet structure are suggested for certain DBs. This 
research establishes a guideline for DB and BMP related research in arid regions, 
especially since these areas are characterized with infrequent rain events; making it 
difficult to monitor infrastructural water quality outcomes.  Further research implications 
include a need to study BMP and DB inflow and outflow water pollution concentrations 
and a comparison between sediment nutrient concentrations of DBs with constructed 
wetland sediment concentrations as a control. 
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CHAPTER 1 
INTRODUCTION 
Problem Statement 
The United States population is growing at an annual rate of about 0.9 percent. This 
growth has led to intense urbanization, which is characterized by: residential, industrial 
and commercial development, removal of vegetation, land grading and soil compaction. 
These landscape alterations increase impervious surface area and drastically ffect the 
quantity and quality of stormwater runoff (e.g. Foley et al. 2005; Hatt et al. 2004;Walsh 
2000). Stormwater runoff transports Non Point Source (NPS) pollutants (i.e. nutrients, 
heavy metals, trash, sediment, oil, bacteria and other pollutants from a diffuse or difficult
to pinpoint source) from various surface areas into artificial channels or natural streams 
which drain into stormwater management facilities, and ultimately into a receiving water 
body (e.g. Birch et al. 2006; Hogan et al. 2007).  
The United States Government recognized the need to address NPS stormwater 
quality issues by enacting the Water Quality Act of 1987. Stipulations of this Act include 
meeting specific water quality parameters, such as: concentrations of Total Suspended 
Solids (TSS), Total Dissolved Solids (TDS), and Total Phosphorus (TP), among others. 
Structural and nonstructural practices which help maintain water quality parameters that 
are commonly known as Best Management Practices (BMPs) became popular strategies 
to meet government requirements (US EPA 1999).  
On the other hand, parts of the United States began to more aggressively manage 
flooding which had become a significantly more damaging consequence due to 
urbanization (Niemczynowicz 1999).Urbanization results in decreases in infiltration and 
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base flow, increases in floodplain area, runoff volume, and peak flow rate. A number of 
techniques were developed to manage stormwater quantity, including: large diameter 
pipes, porous pavement, subsurface storage (concrete or plastic underground chambers), 
infiltration trenches (basins, depressions, dry wells, rain gardens and grass filter / wales), 
natural or constructed wetlands and surface basins (two stage ponds, and retention or 
detention basins). The most popular structural control for stormwater quantity in the 
United States are detention basins (e.g. Baker 2009; Hogan et al. 2007; Shammaa et al. 
2001).  
Detention basins (DBs) are excavated areas or enhanced natural depressions in the 
earth which temporarily capture stormwater runoff and release it slowly back into the 
environment via evaporation, infiltration and more commonly through surface flow 
(Figure 1). Typically a DB is designed to release water over a span of several hours to 
days after a rain event and dry out completely until the next storm (Fortunato et al. 2005). 
The main function of a DB is to attenuate peak flow and then convey the stormwate  to 
tributaries, which transport it down to a main receiving water body. Although DBs adju t 
flow patterns back to predevelopment characteristics, they do not do the same for total 
runoff volume and stowrmwater pollutant load concentrations (Malcom 1980; Tasker et 
al. 1988).  
Annual rainfall has the greatest influence on pollutant concentrations in stormwater 
which may discharge into DBs. Arid regions have the highest stormwater nutrient (TN 
and TP) and heavy metal (Cadmium, Copper, Lead and Zinc) concentrations when 
compared with other wet weather regions (Tasker et al. 1988). One reason for this
disparity is that protective vegetative cover in an arid region is sparse, so thre is more 
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corrosion of built up pollutants during a rain event (Driver et al. 1990). Additionally, 
important components of stream flow in arid regions are urban sources such as municipal 
 
 
 
Figure 1 Hydrological components of a detention basin and its environment 
(modified from Rapp et al. 2004) 
 
 
wastewater effluent and return flow from irrigation (Caraco 2000). These sources ften 
have higher pollutant concentrations that can accumulate faster on arid region surfaces 
than in wet weather regions. Ultimately, the built-up pollutants are carried by runoff into 
receiving water bodies (Clarr et al. 2004). 
Clark County, Nevada is characterized as having infrequent, high intensity, short 
duration rainfall which is spatially and temporally heterogeneous in nature. On average, 
the Clark County receives ~4.2 inches of rain annually (CCRFCD 2008) . The rainy 
season is typically most damaging between the months of July and September when 
moist unstable air from the Gulf of Mexico is forced rapidly upward by hot air currents, 
resulting in severe thunderstorms. The rain falls on the armored desert soil and the steep 
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mountain slopes of the region (CCRFCD 2008). These characteristics, in combination 
with the increases in impervious surface area, make Clark County highly susceptible to 
flooding . The region has experienced 11 documented floods since 1960 which resulted in 
more than a million dollars in damage each. During the same time 31 lives were lost in 21 
separate flash flood events (CCRFCD 2008). 
Clark County, Nevada employs DBs as the primary stormwater runoff management 
strategy. The Clark County Regional Flood Control District (CCRFCD) established the 
DBs. As of 2009, there are approximately 50 detention basins in the region, and a little 
over a 100 proposed or under construction. The next step in enhancing DB functionality 
would be to dually use it as a stormwater quantity management and BMP water quali y 
control structure. There is a lot of research regarding DBs and BMPs but the data 
presented herein serves to address DB functionality as a BMP for water qu lity control in 
Clark County.  
Research Objectives and Hypotheses 
One way to understand DB functionality as a water quality control BMP is by 
observation of the changes in Phosphorus (P) concentrations in pre- and post-rain 
sediment samples within the DB. In natural ecosystems, where P tends to be a limiting 
nutrient, it strikes a unique and individual balance which allows biodiversity to flourish 
(e.g. Wassen et al. 2005). Anthropogenic activities can result in unnatural and 
periodically excessive inputs of nutrients from stormwater runoff. Excess amounts of 
nutrients such as P, can cause eutrophication, decreases in dissolved oxygen, and 
ultimately losses in biodiversity for a receiving water body (Bennet et al. 2001).  
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Phosphorus is the eleventh most abundant element in the earth’s crust. Deposits of P 
may be classified into three broad groups (Ca5 (PO4, CO3)3 (F, Cl, OH). Stormwater P 
can either be physically adhered to particles or dissolved in the runoff (e.g. Takamatsu et 
al. 2010). Release of P is facilitated by rain events which promote weathering of ocks 
and decay of organic material. Sometimes, P tends to either leach away in water or settle 
out by the physical adherence to sediment. Once P adheres to the surface of sediment, it 
becomes biologically unavailable to the natural ecosystem. It then reenters the biosphere 
through erosion and the release of minerals and soil (e.g. Daniel et al. 1994).  
Another way to observe DB efficiency as a BMP is by understanding particle size 
distribution and settling rate. Particle size is strongly related to the removal of pollutants 
(Takamatsu et al 2010). Pollutants have an affinity toward smaller particles which have a 
larger surface area (e.g. Backstrom 2002; Li et al 2006).Particles within the smaller size 
range also tend to flocculate. These flocs of small particle sizes are we k enough to be 
broken down by collision, turbulence and differential settling, all of which may release 
dissolved and particulate P (Dyer 1999). They are also light enough to remain suspeded 
or become re-suspended. Suspended particles can carry pollutants from the detention 
basins to tributaries and receiving water bodies. On the other hand flocculation can 
aggregate fine particles so that they are heavy enough to settle out and trap pollut nts if 
flow is not disrupted.  
Earlier research demonstrates that the clay and silt size particles (particles less than 
0.05 mm in diameter) constitute 70-80% of the TSS load carried by runoff by weight (e.g. 
Furumai et al. 2002; Roger et al. 1998; Vignoles et al. 1995;). Clay are distinguished 
from silt by being smaller in particle size (<0.002mm) and in physical properties (clays 
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are held together by electrostatic forces). The amount of clay and silt content in runoff 
and in receiving sediment is important to P adhesion to sediment (Song et al. 2007). 
Particularly, P is believed to bond to the positively charged edges of the clay surf ce 
(Mitsch et al. 2007). Agglomeration of fine particles cause particle size distributions to 
vary between sampling points even in a single storm (Minton 2002), so it is important to 
evaluate the settling rate of such particles as it relates to P removal dynamics of a DB. 
Particle size distribution within a DB can sometimes be attributed to surrounding land 
use (Liebens 2001). However, striving to relate land use to pollutant loadings in 
stormwater has thus far been inconclusive, due partially to the fact that the current state 
of knowledge with respect to pollutant buildup and removal is limited. The buildup of 
pollutants requires the combination of many temporal, spatial and hydrological factors. 
Hence modeling and statistics may be limited in scope to correlating land use with 
environmental quality components (Goonetelke et al. 2004). Correlation between land 
use and sediment quality should be considered in protection of watershed plans. 
The main goal of this research is to determine whether DBs in Clark County, Nevada 
are acting as BMPs. Four specific objectives were completed in order to mee  the overall 
goal:  
1) Understand whether DBs in Clark County, Nevada are accumulating sediment and P 
by measuring inside and outside, pre- and post-rain sediment P concentrations. 
2) Relate DB sediment P concentrations to surrounding development density by 
designating a land use classification to each DB and analyzing how much P is associated 
with that land use. 
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3) Correlate particle size to sediment P concentration by sieving sediment samples and 
measuring P concentration in the different particle size ranges. 
4) Relating retention time with P accumulation by evaluating the settling rate of particles 
< 0.05 mm in diameter in different TSS concentrations from DB outlet samples. 
The objectives will be accomplished by testing the following hypotheses: 
1) Sediment P concentrations will be higher inside the DB than outside the DB and post-
rain samples will have higher P concentration than pre-rain samples. 
2) Sediment particulate and dissolved P concentrations will be higher in highly develop d 
areas than less developed ones. 
3) Smaller particles will have higher P concentration than large particles, volume 
remaining constant.  
4) Particles >0.05 mm in diameter will have lesser P concentrations than slower ettling 
particles and thus, settling rate changes the amount of P accumulating or leaving the 
basin because of the correlation between particle size and P concentration. 
Thesis Organization 
 Five chapters are presented in this thesis. Chapter 1 introduces the problem, states 
the research objectives, lists the hypotheses, and provides an outline of the rest of the 
chapters. Chapter 2 summarizes the literature concerning DB characteristics and their 
effectiveness as BMPs. Chapter 3 describes the study sites, the research materials and 
methods used for the study, and the statistics performed for the analysis. Chapter 4 
provides the results and discussion of DB performance as BMPs in Clark County. 
Finally, chapter 5 concludes the thesis with a summary of the entire study, some 
management recommendations and future research needs in the field. 
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CHAPTER 2 
LITERATURE REVIEW 
A brief reconstruction of the history of stormwater management and treatment of 
urban runoff reveals several phases within a short period of time. At the end of the 19th 
century, the concept of drainage revolved around constructed underground networks that 
used gravity to collect and combine runoff and domestic waste and discharge it into a
water body—a concept also known as “everything in the sewer”. Throughout the 20th 
century, independent systems were developed for managing urban runoff and domestic 
water. By the 1970s, urbanization had lead to increased frequencies in flooding and 
polluted receiving water bodies. The existing infrastructure for municipal and stormwater 
management were failing. The first solution put into place for flood management were 
DBs (Nascimento 1999). 
Detention Basin Characteristics 
For flood mitigation, DBs can be flexibly applicable to undeveloped areas as well as 
industrial, residential and commercial developments, provided there is enough space for 
the structure. They are easily constructed and, long lasting but they do require 
maintenance to function properly (Table 1). A DB can be grass, earthen, or concrete li ed 
and can serve as dual purpose stormwater controlling structures and recreational f cilities 
such as parks (Whipple 1981). No two DBs are identical from a structural point of view. 
Structural enhancements for a DB can include a trash rack on the outlet, multiple stages, 
a low flow channel, an energy dissipater, an erosion ramp, or a riser. Size wise, DBs can 
be anywhere from one acre to several hundred acres. 
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Maintenance Activity Schedule 
 
• Note erosion of pond banks or 
bottom 
Semi-Annual Inspection 
 
• Inspect for damage to the 
embankment 
• Monitor for sediment accumulation 
in the facility and forebay 
• Examine to ensure that inlet and 
outlet devices are free of debris and 
operational 
 
Annual Inspection 
 
• Repair undercut or eroded areas 
• Mow side slopes 
• Pesticide/ Nutrient management 
• Litter/ Debris Removal 
 
Standard Maintenance 
 
• Seed or sod to restore dead or 
damaged ground cover 
Annual Maintenance 
(As needed) 
 
• Removal of sediment form the 
forebay 
 
5 to 7 year Maintenance 
 
Table 1 Scheduled maintenance requirements for a detention basin to function 
properly (Source: Modified from WMI 1997) 
 
 
Characteristics of a DB depend on the climate of the region, land use surrounding the 
DB, and soil characteristics. For example, in a wet climate most DBs tend to be 
surrounded by and filled with vegetation. Vegetation aids in increasing infiltration and 
retention time; allowing nutrient and pollutant uptake, and slowing down flow. Cold 
weather climates require additional modifications to accommodate increase in runoff 
during snow melt. In a dry climate, however, sustaining vegetation may be difficult, so 
detention basins may therefore need to be larger than those found in wet or cold climates. 
Subsequently, dry weather DBs may be modified to address small and infrequent storms 
which usually have high pollutant loads and therefore require structural enhancements for 
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pollutant mitigation.        
 Detention basins can be built or retrofitted for BMP purposes. The concept of 
water quality control and flood control may be contradictory with respect to DB design 
because flood control DBs control infrequent and large runoff events but high pollutant 
concentrations are usually carried by frequent and small runoff events (Whipple et al. 
1983). Thus, the main constructs for designing a successful BMP plus flood control DB 
are that the DB should: 1) hold runoff long enough to achieve a targeted level of 
treatment and 2) drain runoff quickly enough to provide storage for the next rain event 
(Akan 1992). A few ways DBs can be designed to achieve these two constructs include:  
(1) Large length to width ratios for a DB can provide adequate volume storage for large 
storm events and longer retention time for smaller events (Shammaa et al. 2002).  
(2) Another design consideration that can be implemented for existing DBs is to install 
barriers or berms (Figure 2) within the DB. Although berms can reduce the storage  
 
 
Figure 2 Detention basins with installed berms as retrofit suggestion for better best 
management practice performance. 
Berm 
Outlet 
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capacity of a DB, they are a cheap and easy way to retain runoff for longer periods of 
time (Papa et al.1999). 
 (3) Multi storage levels within a DB can also function as a BMP modification. Currently, 
we have one such DB in the Clark County and it is the Black Mountain DB (Figure 11 
and 12). The lower storage allows runoff to be retained for longer periods of time 
especially for a small rain event. The upper storage is designed to provide more capacity 
to prevent flooding when the bottom storage becomes inundated. 
The most commonly used stormwater control structures in the United States are DBs, 
so they may receive a majority of the nonpoint source pollutants from the surrounding 
watershed (Persson et al. 1999; Van Buren et al. 1997). Water bodies receiving attenuated 
runoff from such facilities may be negatively impacted by the stormwater pollutant 
concentrations and sediment loads (Fortunato et al. 2005; Shammaaet al. 2002). On the 
other hand, being medially placed between a receiving water body and some kind of 
urban or undeveloped area, DBs have a potential to act as a BMP for water quality 
control. Research related to BMPs and DBs is extensive, but remains mostly 
inconclusive. 
Detention Basins as Best Management Practices 
Some of the first studies to be conducted on DBs as water quality control 
structures concluded that DBs designed for NPS stormwater pollution should be differ nt 
than those designed for anticipated flood volume (Griffin et al 1980; McCuen 1980). Due 
to this research, the use of DBs for dual purpose flood and pollution control was 
promoted. Ferrara et al. (1983) established that NPS stormwater pollution could be 
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mitigated by a DB through the process of sedimentation. Ferrara et al. (1983) also 
described the particle size range that could be settled out of NPS stormwate  by  DB. 
Research then moved toward targeted pollutant removal by a DB such as TSS and heavy 
metals (Nix et al. 1989). Accumulation of heavy metals in DBs was described by 
Wingington et al. (1983) as being most concentrated on the surface soils and in areas 
such as the outlet, inlet and the lowest point of depression.  In light of the current trend 
toward the use of BMPs for water quality control, DB performance as pollutant traps is 
now being addressed. 
Some studies claim that DBs are effective as BMPs for water quality con rol. A 
DB in Spring Hill, FL substantially reduced nutrient loadings in the surface wat r 
released from the study site. This study also reported treatment by the particular DB to be 
better than other reported regional and national findings (Holler 1988). Similarly, a study 
conducted by Stanley (1996) reported that DB effluent had metal concentrations equal to 
about one half those in untreated runoff and that copper (Cu) and zinc (Zn) 
concentrations were lower than, or about the same as maximum concentrations allowed
by the state water quality standards.  
Contrary to the above, most studies report that DBs are ineffective as water 
quality control structures. For example, Hogan et al. (2007) found that DBs designed 
without BMP infrastructure are ineffective for pollutant removal when compared with 
natural riparian wetlands. Some studies point out that there are better ways of mitigating 
nonpoint source pollution from stormwater. For example, Bavor et al. (2000) examined if 
constructed wetlands were better than DBs at pollutant management, and found that 
wetlands are more effective at removal of faecal coliform, nitrogen (N), and P because 
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theses pollutants are associated with finer particle sizes. Similarly, Fortunato et al. (2005) 
compared dry DBs with wet DBs and found that dry DBs performed more poorly than 
wet DBs. Other researchers go as far as stating that the extended runoff rates and 
increased volume within DBs exacerbate stream bank erosion and raise TSS values (Cl r 
et al. 2004).           
 A large amount of data regarding DB pollutant removal remains mostly 
inconclusive. This inconsistency is sometimes attributed to varying inflow pollutant 
concentrations (e.g. Birch et al. 2006; Guo et al. 2000; Marcoon et al. 2004; and 
Pettersson 1998). Stanley et al. (1996) summarizes the wide variability in performance 
among DBs: around the U.S., DB removal of TSS ranges between 3-87%,for TP13-40%, 
for TN10-35%, and for lead 29-66%.  Modeling of DB response to NPS pollution 
indicates that there are several components that play a role in how well DBs function as 
BMPs, two of the main ones being retention time (Weiss et al. 2006) and influent 
concentration (Barrett 2008).  Shammaa (2002) empirically concluded that increasi g 
residence time in a DB optimizes TSS removal rate by comparing a retrofitt d DB with 
an ordinary flow control one. Some scientists argue that DBs only redistribute and 
concentrate pollutants in a different area of the environment, doing little for pollution 
mitigation (Backstrom et al. 2002). Previously described studies have mostly evaluat d 
the potential transfer of pollutants from DBs to stormwater (e.g. Fernandez et al. 1993; 
Nightingale 1987; Wiginton et al. 1983). Few studies examine the pollution of sediments 
in DBs to evaluate their handling capabilities as BMPs.   
Despite the inconsistency in this type of research, up to this time, all of these 
studies have either a theoretical basis or were done in wet climates. There are no studies 
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of how DBs function in arid regions, where water flow and sediment transport are very 
different than in humid regions. This study addresses the need for DB and BMP related 
research in arid regions. 
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CHAPTER 3 
MATERIALS AND METHODS 
 In order to meet the objectives, this study involved the use of GIS mapping for 
site selection and land use classification of individual DBs. Correlating land use 
classification with sediment quality required sediment samples to be analyzed for P. 
Sediment samples were also collected prior to and after a rain event to evaluat  the 
changes in P concentration in discharged sediment. Sediment samples were composited 
from the outlet(s) of each site. As a comparison, background (“outside”) sediment 
samples were composited from three locations adjacent to the DB. Samples were brought 
back to the laboratory, sieved for particle size analysis and then analyzed for P 
concentration changes. A composite sample of all outlets was used to run the settlement 
experiment for fine particle sizes. The settlement experiment showed an association 
between P accumulation and settling rate within a DB.  
Study Sites 
All study sites were located in Clark County, NV in a suburban watershed with 
varying levels of development as indicated by surrounding land use classifications for 
each DB (Figure 3 and 4; Table 3). The land use data was obtained by constructing a map 
using the Clark County Regional Flood Control GIS database. A total of 6 DBs were 
chosen on the basis of surrounding land use classification, location within the watershed, 
and accessibility. Of the 6 DBs, 3 were studied in detail. Each DB was assessed for main  
16 
 
 
 
Figure 3 Map of site selected detention basins (PBS&J 2008) 
 
 
 
 
Figure 4 Schematic drawing of the location of site selected detention basins 
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structural and nonstructural characteristics (surrounding land use, inlet, outlet, l w flow 
channel etc; Table 2). 
Red Rock (Figure 5 and 6) and Duck Creek (Figure 7 and 8) are located in a low-
developed area while Mission Hills (Figure 9 and 10) and Black Mountain (Figure 11 and 
12) are located in a mid-developed region and Pioneer (Figure 13 and 14) and Equestrian 
(Figure 15 and 16) are located in a highly developed part of the watershed. Red Rock and  
 
Table 2 Characteristics of site selected detention basins (PBS&J 2008) 
Low Development Surrounding Land Use 
Detention 
Basin 
Name 
Storage 
Capacity 
(acre feet) 
Tributary 
Area 
(sq/m) 
Location in 
Watershed 
Specific 
Characteristics 
Development 
and 
Surrounding 
Land Use 
Equestrian 544 6.9 Lower part 
of C1 
Concrete 
channel, upper 
and bottom 
stage 
High: 
residential, 
roads and 
school 
Pioneer 377 7.66 Lower part 
of Pittman 
Low flow 
channel, no 
inlet, and 
defined outlet 
High: freeway, 
college, 
railway station 
and 
industrialized 
construction 
zone 
Mission 
Hills 
480 9.3 Middle of 
C1 
Two outlets 
and no inlet 
Mid: single 
unit residences 
Black 
Mountain 
366 3.77 Upper part 
of C1 
Defined outlet, 
upper and 
lower stage, 
and no defined 
inlet 
Mid: dense 
residential on 
one side and 
no 
development 
on other 
Red rock 2,007 54.74 Upper part 
of 
Trop/Flam 
Define outlet Low: freeway 
Upper 
Duck 
Creek 
2,644 29.62 Upper part 
of 
Duck/Blue 
No outlet Low: no 
development 
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Figure 5 Red Rock Detention Basin 
 
 
 
Figure 6 Arial view of Red Rock Detention Basin with detention basin 
characteristics and GIS delineation (Source: Google Maps; PBS&J 2008) 
Outlet 
Spillway 
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Figure 7 Duck Creek Detention Basin 
 
 
 
Figure 8 Arial view of Duck Creek Detention basin with detention basin 
characteristics and GIS delineation (Source: Google Maps; PBS&J 2008) 
Outlet 
(b) 
Spillway 
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Mid Development Surrounding Land Use 
 
 
Figure 9 Mission Hills Detention Basin 
 
 
 
Figure 10 Arial view of Mission Hills Detention Basin with detention basin 
characteristics and GIS delineation (Source: Google Maps; PBS&J 2008) 
Outlet 
Outlet 
Spillway 
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Figure 3 Black Mountain Detention Basin 
 
 
 
Figure 4 Arial view of Black Mountain Detention Basin with detention basin 
characteristics and GIS delineation (Source: Google Maps; PBS&J 2008) 
 
Spill Way Outlet 
Bottom Stage Top Stage 
Spillway 
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High Development Surrounding Land Use 
 
 
Figure 5 Pioneer Detention Basin 
 
 
 
 
Figure 6 Arial view of Pioneer Detention Basin with detention basin characteristics 
and GIS delineation (Source: Google Maps; PBS&J 2008) 
Outlet 
Low Flow 
Channel 
Spillway 
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Figure 7 Equestrian Detention Basin 
 
 
 
Figure 8 Arial view of Equestrian Detention Basin with detention basin 
characteristics and GIS delineation with projected extension of DB (Source: Google 
Maps; PBS&J 2008) 
 
 
 
Outlet 
Channel 
Spillway 
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Duck Creek DBs are located in the upper part of the watershed; Black Mountain a d  
Pioneer in the middle, and Equestrian and Mission hills are in the lowest part of the  
watershed.  Red Rock, and Upper Duck Creek DBs have the largest contributing tributary 
area (54.74 sq/m and 29.62sq/m respectively) while Mission Hills (9.3 sq/m, Pioneer 
(7.66 sq/m) Equestrian (6.90 sq/m) and Black Mountain 3.77sq m) follow respectively. 
Soil Texture Classification 
The USDA STATSGO model was used for soil characterization (fractions of 
sand, clay and silt) for each of the watersheds that corresponded to the DB. We used the 
following formulas to calculate the percents which were entered into the USDA soil 
texture calculator (USDA, 2010) and I provided us with the soil texture classification for 
the watershed.  
Percent Sand =A1X1+A2X2….+AnXn  / A1+A2+....An *100 
Percent Clay =A1X1+A2X2….+AnXn  / A1+A2+....An *100 
The details of soil characterization calculations for each DB are given in Appendix 3 
Discharge and Precipitation Data Calculation 
The Curve Number Method was used to calculate the discharge for each 
individual DB. This calculation requires precipitation data to be gathered and interpreted. 
Precipitation data was gathered for a 24 hour period on the 19th of January 2009 (the day 
before sample collection) from the following gauges: Red Rock DB Station ID: 4344, 
Duck Creek DB Station ID: 4654, Black Mountain DB Station ID: 5634, Mission Hills 
DB Station ID: 4764, Pioneer DB Station ID: 4769, and Equestrian DB Station ID: 4754 
(See Appendix 4). 
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To obtain the curve number for each DB the following website was used: http: 
//onlinemanuals.txdot.gov/txdotmanuals/hyd/nrcs_runoff_curve_number_methods.htm. 
All of the soil texture classifications were sandy loam (Appendix 3) so the curv n mber 
for all the DBs would fall under soil group B. Medium antecedent moisture conditions 
(AMC II) were assumed since there was a small amount of rainfall in the days prior to the 
24 hour precipitation data analysis. For the Red Rock DB and Duck Creek DB, the curve 
number was 68 from the “Runoff Curve Number for Arid and Semi Arid Rangelands” 
because the ground cover in those areas is less and the plants suggested by the manual are 
fitting. For the Black Mountain DB the curve number was 68 from the “Runoff Curve 
Number for Urban Areas” because this watershed is ~20% developed. Similarly, Mission 
Hills DB is ~12% developed so it received a curve number of 65. For the Pioneer DB a 
curve number of 88 was obtained from the “Runoff Curve Number for Urban Areas” 
because this watershed is mostly industrial use oriented. Similarly for the Equestrian DB 
a curve number of 98 was obtained from the same category as the Pioneer DB. The area 
surrounding Equestrian DB has a school with a paved parking lot, residential units and 
streets (see Appendix 4 for calculations). 
Sample Collection 
The EPA Soil Sampling Quality Assurance User’s Guide was used as a protocol for 
sample collection (Barth et al. 1989). Sediment samples were collected pre- (11/2009) 
and post-rain events (12/2009) which registered on the DB rain gages monitored by th  
Clark County Regional Flood Control District. Two areas related to the DB were relevant 
to this study: 1) near the outlet(s) and 2) randomly adjacent to the DB. Sediment P 
concentration near the outlet receives runoff from the surrounding tributaries l st, 
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because it is at deepest part of the DB. Therefore the outlet is most likely to be associated 
with the settling of finer particles in the runoff. Sediment adjacent to the DB represents a 
single point within the tributary area of the DB and can be considered a background for 
comparison of the two different areas.  
Sediment samples were collected by brushing off litter and organic material (if any) 
from the surface. Sediment down to approximately 1” depth was removed with a shovel 
and placed in polyethylene bags. Five subsamples were composited from outside and 
inside each of the DBs. The bags were incubated at 4ºC in a cooler until arrival at the lab. 
Composited samples were transferred to a plastic tub and homogenized using a shovel. 
Preparation and extraction of P was done within 48 hours of collection.  
Decontamination Process for Lab Material 
 Tubes, spatulas, shovels, scoops and other instruments that contacted sediment 
were decontaminated either on each site or in the lab using standard procedures. In the 
field, shovels were rinsed with a water and LiquinoxTM soap mixture, re-rinsed with 
deionized water air dried, wrapped in paper towels and stored in the cooler until sampl ng 
at the next site. In the lab, the decontamination procedure required a series of washtubs 
containing tap water mixed with LiquinoxTM soap, deionized water mixed with nitric acid 
and the last tub containing only deionized water. Lab materials were rinsed before being 
placed in each of the tubs and left to soak for at least 8 hours before being re-rinsed and 
moved to the next tub. All instruments were air dried(Environmental Response Team 
(ERT) 1994; OW 2001; Papelis 2004).  
 Sieves were decontaminated after each use. A stiff bristled brush was used to
dislodge any lose material stuck in the holes and then rinsed with water and brushed 
27 
 
again. They were left to dry for at least 24 hours and examined the next day for any more 
stuck sediment which was then picked out using a tweezers or a thin stiff brush for the 
smaller sieves.   
Sediment Phosphorus 
Particulate P was run for all 6 of the DBs to compare the location of the DB 
within the watershed and the land use differences. After sieving, between 20-50mg of 
sample was removed with a metal spoon from each sieve and placed into a glass test tube. 
Three sub-samples (replicates) were collected from each sieve. All sieved and prepared 
samples in the test tubes were analyzed using a modified phospho-molybdatcolorimetric 
test on a spectrophotometer (UV-160TM; Shimadzu, Columbia, MD). The test has a 90% 
accuracy level. This test is based on the formation of a phosphoantimonyl-molybdenum 
blue species using ascorbic acid and hydrogen peroxide as an acidifier, respectiv ly. 
Upon acidification, the mixture is heated for 20 minutes and then neutralized. The 
antimonylmolybdenum reagent is added and the P in the soil turns blue so that it can be 
read by the spectrophotometer. The sediment is allowed to settle out so the liquid so ution 
can be pipetted into cuvettes.  
Soluble P was measured by shaking a composited sample of approximately 5g of 
pre-weighed DB outlet sediment in 15 mL nano water for 24 hours.  Measurements were 
taken for Red Rock DB, Mission Hills DB and Pioneer DB (representing low, mid and 
high development densies). The water was run through a 0.45µm filter and then analyzed 
using the modified phospho-molybdatcolorimetric test discussed above (Murphy and 
Riley, 1962).  
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Particle Size Distribution 
The particle size distribution of each sample was determined by following ASTM 
C136 – 06 ASTM C136 - 06 Standard Test Method for Sieve Analysis of Fine and 
Coarse Aggregates. Samples from the polyethylene zip lock bags were poured into large 
tin plates and dried in a convection oven at 230±9°F (110±5°C) for 24 hours. Dried 
samples were weighed prior to sieving.  Seven 8” round sieves (number 10, 18, 35, 60, 
120, 200, 270, and <270) were pre-weighed. Small amounts of the sample were poured 
onto the top sieve and then shaken by a ro-tap to separate the particle sizes in the sample. 
The total weight of the sieve plus the sample was taken after shaking to calculate the 
percentage of particle sizes. This was done by taking the new weight of the sieve plus the 
sample and subtracting the weight of only the sieve. Sieves were cleaned with deionized 
water and a small brush after sample preparation was complete. 
Sieved particles were also analyzed by laser diffraction (Micromeritics Saturn 
DigiSizer 5200) to decide how well the sieving method worked to separate out particle 
sizes. This is especially important because the sieving method may not prevent small 
particles from sticking to the large ones. Also, the midsized particles may be coagulations 
of smaller particle sizes. The diffraction method allows us to see if the sieving method 
worked well enough to separate out the particle size ranges. 
Settling Rate Experiment 
 This part of the study required the use of ASTM; 2540 A, 2540 F method. 
Samples were prepared by compositing DB outlet samples and sieving 3 subsamples to 
get a representative of each of the land use categories. Triplicates were run for each 
subsample. Approximately 300, 600, 900 and 1200 mg of sample were poured into 
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approximately 1L of water. Each soil suspension was then hand shaken by repeatedly 
inverting the sample about once per second for 30 seconds in a stoppered Erlenmeyer 
flask. The sample was poured into an imhoff cone and the quantity (volume) settled was 
recorded every minute. After 100% of the particles settled out, the sample was gently 
stirred to release the suspended matter clinging to the sides of the cone and th n ew 
settlement (if any) was recorded every minute. 
Statistical Analysis 
 Significant differences in P concentration variation and particle size distribution 
were determined by analysis of variance (ANOVA). Analyses were performed using 
JMPTM2003 and Microsoft ExcelTM2007. Particulate and dissolved P concentrations as 
well as land use P distribution were analyzed by calculating standard erro s in ExcelTM. 
Significant differences were considered at 0.10 < p.  
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CHAPTER 4 
RESULTS AND DISCUSSION 
 Several distinct differences in P concentration are noted within this chapter. 
Comparisons of outside vs. inside DB sediment P concentrations are made. Land use 
development densities are associated with dissolved and particulate P concentrations. 
Particle size is correlated with P concentration. Finally, sediment settling rate for fine 
particles is reported. Each observation is discussed in depth with suggestions as to why 
the particular results were obtained and why they are relevant to stormwater 
management. 
Soil Texture Classification  
The percent silt, sand and clay did not vary much between the DBs. Percent silt 
ranged from ~15% to ~62%. Percent sand ranged from ~25% to 30% and percent clay 
ranged from ~13% to ~16% (Table 3). Once these percents were entered into the soil 
texture calculator, all of the DBs yielded a texture classification of sandy loam suggesting 
that soil texture does differ among all the DBs in our study and therefore perhaps 
minimal or no impact on soil P concentration. Details of texture calculation are given in  
Appendix 3.  
 
Detention Basin Percent Silt Percent Sand Percent Clay 
Red Rock 57.08 28.39 14.53 
Duck Creek 61.57 25.2 13.23 
Mission Hills 55.17 29.55 15.28 
Black Mountain 58.04 25.53 16.43 
Pioneer 61.31 25.02 13.67 
Equestrian 59.51 26.43 14.06 
Table 3 Average silt, sand and clay percentages for all DB sites 
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Precipitation and Discharge Effects on Phosphorus Concentrations 
The discharge into each DB is fairly low. Red Rock received ~4inches of 
discharge, Duck Creek ~4 ½ inches, Mission Hills ~5 inches Black Mountain ~4 ½ 
Pioneer approximately 1 ½ inches and Equestrian ~ 1 inch (Table 3). Despite these low  
 
Detention 
Basin Precipitation (in) Discharge (in) 
Red Rock 0.23 3.99 
Duck Creek 0.72 4.48 
Mission Hills 0.59 4.9 
Black 
Mountain 0.52 4.28 
Pioneer 0.52 1.61 
Equestrian 0.72 0.88 
Table 4 Precipitation data and discharge data for DB sites 
 
numbers, discharge can account for some of the observations in P concentration for a few 
of the DBs. For example, Equestrian DB had no change in P concentration in pre- and 
post-rain samples and this may be likely due to the fact that it only received 0.88 inches 
of discharge; probably not enough to bring new sediment and associated P into the DB. 
Red Rock DB on the other hand had significant increases in post- rain P concentrations 
and it could be due to the fact that it received some new sediment in the discharge. This 
DB is located in an area with a lot of loose sand and gravel, so the significant differences 
we observed could be due to the amount discharged into the DB. Similarly, the Mission 
Hills DB and Black Mountain, which are located in partially residentially developed 
areas, received enough discharge to bring new sediment into the DBs and account for the 
significant differences in pre- and post-rain samples inside the DBs. Lastly, the average 
post- and pre-rain P concentration difference we observed, which was significant, could 
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be skewed by, for example, the Equestrian DB which had a significant increase in P 
concentration in post rain samples outside the DB, despite having a low discharge value.  
Pre- and Post-Rain Inside vs. Outside Sediment Phosphorus Concentrations 
 All DBs except Red Rock showed a difference in outside DB vs. inside DB 
samples. Four of the DBs (Equestrian, Pioneer, Mission Hills and Duck Creek) had 
higher P concentrations outside the DB and 1 (Black Mountain) had higher P 
concentration inside the DB (Figures 10-15; Table 3). The hypothesis that sediment P 
concentrations inside the DB would be higher than inside the DB is not always true. 
Outside vs. inside differences in P concentration are important because the inside 
concentrations reveal the amount of P that a DB is possibly accumulating from its 
 
Detention Basin 
Approximate Pre-Rain P 
Concentrations (µg/g) 
Approximate Post-Rain P 
Concentrations (µg/g) 
Red Rock 3000 vs. 3000 4500 vs. 4500 
Duck Creek 5000 vs. 2000 5000 vs. 3000 
Mission Hills 600 vs. 400 600 vs. 600 
Black Mountain 800 vs. 800 600 vs. 800 
Pioneer 600 vs. 450 650 vs. 650 
Equestrian 600 vs. 500 1300 vs. 700 
Table 5 Outside vs. Inside sediment phosphorus concentrations with significant 
differences in bold 
 
tributary area. The outside level of P is a limitation of this study due to the fact that it 
may not be a true representative of the drainage area. Overall, outside DB sediment P 
concentrations were higher than inside DB sediment P concentrations for four out of the 
six DBs. Outlet samples in particular are more likely to contain finer particles due to the 
fact that the discharge has time to settle rather than runoff when outside the DB. So, 
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despite the depression within the DB and the assumption that there is a retention time f r 
the runoff, little P is being settled out in the basins.  
 Black Mountain is the only DB that seems to be working efficiently, as the post-
rain changes in the DB are higher within the DB, and the pre-rain samples show higer P 
inside the basin than outside. This DB is probably working more efficiently because it is 
a multistage DB.  Multistage DBs are known to be more efficient at settling out pollants 
than single stage DBs because they are designed for a longer settling time (Akan 2010). 
Equestrian and Duck Creek seem to be the least efficient DBs at accumulating P because 
outside DB P concentrations are higher than inside concentrations. Equestrian, in 
particular has a high P concentration increase in outside DB post-rain sample  possibly 
due to the fact that there are horse trails surrounding the DB. Duck Creek shows a similar 
pattern, although pre-rain P concentrations for this basin are still different. Duck Creek 
and Red Rock have the highest P concentrations when compared with the rest of the DBs 
due to the fact that they have large contributing tributary areas and are large in size. 
These two DBs are also located in the upper part of the watershed. DBs located in the 
lower part of the watershed have lower P concentrations than those located in the upper 
part. This means that P is likely tightly bound to the sediment of DBs located in the upper 
part of the watershed and is not moving down to the DBs located in the lower parts. 
Red Rock Detention Basin 
Red Rock DB had no difference between inside and outside sediment P 
concentrations (Figure 17). However, post-rain samples did show an increase in sediment 
P both inside and outside the DB. This DB is located in a low-developed region of the 
watershed. It is a comparatively large DB with a large tributary area which may not be 
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represented by outside samples. It has no special features to allow it to act as a BMP. 
Hence, there is little difference between outside and inside DB P concentrations. It is 
located in the upper part of the watershed and should be considered for BMP retrofits. 
 
 
 
Figure 9 Average outside vs. inside, pre- and post-rain phosphorus concentration 
for Red Rock Detention Basin 
 
 
Duck Creek Detention Basin 
Duck Creek DB is located in a low-developed part of the watershed. It has no 
structural modification for water quality protection. This DB is located in an upper part of 
the watershed. It is a comparatively large DB with a large tributary area. There are 
differences between outside and inside DB P concentrations, with outside concentrations 
being higher in both pre- and post-rain samples (Figure 18). Low inside DB P 
concentrations are possibly due to the fact that the structure is not capturing high amounts 
of P outside the basin during a rain event. The P outside the DB is likely sorbed tightly to 
A A 
B B 
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the sediment and not easily eroded by runoff. Outside sediment samples may not full  
represent the drainage area into the DB. Despite this, the DB should be considered for 
BMP type retrofits since it is located in an upper part of the watershed. 
 
 
 
Figure 10 Average outside vs. inside, pre- and post-rainphosphorus concentration for 
Duck Creek Detention Basin 
 
 
Mission Hills Detention Basin 
The Mission Hills DB is somewhat designed for water quality due to its high 
length to width ratio. It is located in a mid-developed region with sparse single family 
residential units and mountainous terrain on all sides. This DB shows some potential to 
act as a sink for P since post-rain samples show an increase in P within the DB. It is a 
medium sized DB with the third largest contributing tributary area out of the 6 DBs 
analyzed. This DB shows little efficiency to act as a sink for P because outside 
concentration is higher than inside P concentration in pre-rain samples; while outs de and 
B 
B 
A 
A 
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inside P concentrations are the same for post-rain samples (Figure 19). Outside samples 
may not represent tributary area so results may be inconclusive regarding this DB acting 
as a BMP.  
 
 
Figure 11 Average outside vs. inside, pre- and post-rain phosphorus concentration 
for Mission Hills Detention Basin 
 
 
 
Black Mountain Detention Basin 
The Black Mountain DB is constructed for water quality. It has a two stage design 
with 1 main outlet and 3 subsequent bottom stage outlets that allow for a longer retention 
time.  It is located in a mid-developed area with high residential housing on one side and 
no development on the other. The pre-rain sediment has higher P inside the DB while the 
post-rain samples show no difference between outside and inside DB P concentrations 
(Figure 20). This basin is small, and shows efficiency as a sink for P since the inside 
concentration increases in post-rain samples and the outside concentration remains the 
same. It should be used as a model DB for the Las Vegas area. 
A A 
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Figure 20 Average outside vs. inside, pre- and post-rainphosphorus concentration for 
Black Mountain Detention Basin 
 
  
Pioneer Detention Basin 
The Pioneer DB is located in a highly developed area with freeway and industrial 
construction zones surrounding it. It is somewhat amenable for water quality purposes 
due to its high length to width ratio, but shows little efficiency to act as a sink for P due 
to similar outside and inside P concentrations for post-rain samples (Figure 21); although 
outside sediment samples may not adequately represent the tributary area draining into 
the DB. This DB is ideal for retrofitting with berms as it has a single outlet and inlet. 
Berms would allow this DB to act as a better water quality control structure.  
Equestrian Detention Basin 
 The Equestrian DB is located in a highly developed part of the watershed with 
residential units, horse trails, roads and a school surrounding the DB. It has a large length 
to width which is a design feature for water quality control. This DB showed an increase 
in sediment P in post-rain samples outside the basin (Figure 22). This increase in P  
B B B 
A 
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Figure 12 Average outside vs. inside, pre- and post-rain phosphorus concentration 
for Pioneer Detention Basin 
 
 
 
Figure 13 Average outside vs. inside, pre- and post-rain phosphorus concentration 
for Equestrian Detention Basin 
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concentration is possibly due to the fact that there are horse trails surrounding the DB 
which make the sediment high in organic material. Hence outside samples may not 
represent the drainage area of the DB. There was no similar increase inside the basin, so 
this DB is likely not acting as a sink for P. It is an ideal DB for retrofitting using berms or 
splitting into a bottom and upper stage due to its size and its length to width ratio. These 
types of modifications would enhance the quality of runoff exiting the system and 
entering another water body. 
Average Sediment Phosphorus Concentrations 
The average pre- and post-rain sediment P concentration for all DBs was 
different, with post-rain samples having higher P than pre-rain samples (Figure 23). Pre-
rain samples contained ~600µg/g P while post-rain samples contained ~750µg/g P; an 
increase of about 150µg/g. The observed increase in P for average post-rain samples may 
be due to an influx of high nutrient loads discharged and settled into the DBs during the 
rain event. Dry periods are long in Las Vegas. The buildup of pollutants during these dry 
days influences pollutant loads discharged into a DB during a rain event (e.g Kim et al. 
2006).  
Similarly, average P concentration by particle size for pre- and post-rain samples 
was different for the 0.50 mm (~1300µg/g for pre-rain and ~1700µg/g for post-rain), 0.25 
mm (~1200µg/g for pre-rain and ~1600µg/g for post-rain), 0.12 mm (~900µg/g for pre-
rain and ~1500µg/g for post-rain), and <0.05mm (~900µg/g for pre-rain and ~1600µg/g 
for post-rain; Figure 24). In general, regardless of size, all particles saw increases in P 
concentrations for post-rain samples. Most of the increases in P concentration were seen  
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Figure 14 Average pre- and post-rainphosphorus concentration for all pooled 
detention basin sites in Clark County, Nevada 
 
 
 
 
Figure 15 Average pre- (grey) and post-rain (white) phosphorus concentration by 
particle size for all pooled detention basin sites in Clark County, Nevada 
Land Use Type and Phosphorus Distribution 
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in the mid to fine size section of the particle range.  The largest difference was observed 
for particle sizes < 0.05 mm in diameter. 
Analyzing land use type and particulate P contribution, nearly 70% of all the P 
analyzed came from DBs located in the low developed regions of the watershed, but15%
and 16% of the P analyzed came from mid and low developed surrounding land uses, 
respectively (Figure 18). Results were similar for P concentration analyzed both inside 
and outside the DBs. Outside the DBs, 72% of all the P analyzed came from those located 
in the less developed regions of the watershed, while 16% and 12% of the P 
concentrations analyzed came from high and mid developed regions, respectively (Figure
25 and 26). P concentrations from the less developed surrounding land use areas were 
higher than mid and high developed areas both inside and outside the DB. Hence, the 
hypothesis that particulate and dissolved P would be highest in highly developed regions 
did not prove to be true. There are two possible reasons for the high levels of particulate 
P in low developed regions. First, the less developed region of the Las Vegas Watershed 
has higher levels of exposed soil and potential for erosion during rain events. Second, the 
tributary area contributing to these DBs is larger than the tributary area contributing to 
the DBs located in the mid and high developed regions. 
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Figure 16 Percent phosphorus contribution by land use inside all pooled detention 
basin sites in Clark County, Nevada 
 
 
 
 
Figure 17 Percent phosphorus contribution by land use outside all pooled detention 
basin sites in Clark County, Nevada 
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Dissolved and Particulate Phosphorus Relationship to Development 
Dissolved P was also measured and compared by land use type for the DB. 
Dissolved P concentration was different in all three of the land use categories (Figure 
27a).Out of the three DBs analyzed Mission Hills (mid developed surrounding land use) 
had the highest concentration of dissolved P (~0.65 µg/g) followed by Pioneer (~0.50 
µg/g; high developed surrounding land use) and lastly, Red Rock (~0.15µg/g; low 
developed surrounding land use). Sediment washed into DBs in mid to high developed 
regions are likely to contain finer sized particles than natural sediments due to
commercial and residential street sweeping (Liebens 2001). This observation holds true 
for DBs even when they are compared to corresponding control sites (Liebens 2001). 
These finer particles attach dissolved P loosely and release it more easily than particulate 
P. Hence, we have low dissolved P concentrations for the low developed regions. For 
particulate P concentrations, only the low developed surrounding land use DB (Red 
Rock) showed a difference from the rest of the representative DBs (Figure 27b). 
 
 
Figure 18 (a) Dissolved (b) Particulate phosphorus for representative detention 
basins 
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P released by rocks and minerals is more tightly bound to sediment than P 
released from developed areas (e.g. Revitt 2002). This means that the areas with high 
development are releasing more dissolved P to the water than the low developed areas 
despite having low particulate sediment P concentration. If flow-through of water
improves, less dissolved P would be released into the water due to resuspension of 
sediment. Kuo (1976) found that in a laboratory setting, sedimentation improved fluid 
velocity is minimized. Furthermore, Song et al. (2007) found that rewetting soil with high 
clay and silt content released dissolved P at the surface water interface. This means that 
protecting the entire watershed, rather than upper parts of it, is required to improve water 
quality. Most importantly, surrounding land use for a DB should be taken into 
consideration when formulating the reuse, disposal and scheduled cleaning guidelines of 
sediments from DBs.   
In a modeling study, Regionato et al. (2004) found that less than half of the 
sediment and nutrient loading to the LVW came from undeveloped areas. This is possibly 
one of the reasons why our undeveloped land use classification had over half of the P 
concentration. Approximately 70% of the Valley is undeveloped. The DBs in the 
undeveloped parts of the Valley are much larger in DB and tributary area than DBs 
located in the mid to high developed land use classifications. 
Particle Size and Sediment Phosphorus Correlation 
A logarithmic correlation (R2 = 0.74) was found between particle size and mean P 
concentration of all 6 DBs as a pooled analysis (Figure 28). This correlation was 
significant at 90% confidence interval (p<0.10). Hence, the hypothesis that a correlation 
between sediment P and particle size would exist was true. Our results are consistent with 
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other studies which also conclude that the finest particles have the highest concentration 
of pollutants (e.g. Andral 1999; Li et al.2005; Morquecho et al. 2003; Roger et al. 1998; 
Sansalone 1997). In particular, P is associated with particles less than 0.02 mm in 
diameter hence the high P concentration in our set of particle sizes < 0.05 mm (Bavoret 
al. 2001; Vaze 2004). 
 
 
Figure 19 Particle size vs. average phosphorus concentration for all pooled detention 
basins 
 
 
Particle size analysis using laser diffraction allowed us to observe that all bu two 
of the particle size ranges fell above 60% within the assumed range (Table 4). The
efficiency of the sieving method went down as the particle size range went dow  except 
for the smallest particle sizes. Smaller particle sizes seemed to make up the majority of 
the deficiency in the percent range for the larger particles (Appendix 1). The amount of P 
represented by the larger particle sizes may actually be P sorbed on to the smaller particle 
sizes which are stuck to the larger particle sizes. The amount of P on the larger particle 
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sizes is likely less than what is represented by the particle size vs. P concentration graph 
(Fig. 28). 
 
 
Table 4 Analysis of particle sizes within sieve range using laser diffract on 
 
 
Settling Rate for Particles 
The more particles suspended within the water, the faster the settling rate. After a 
certain concentration, however, the settling rate becomes indistinguishable (Clar t al. 
2004). This is consistent with our results. The particle sizes > 0.05 mm in diameter all settled 
out within 5 minutes regardless of TSS concentration. A log linear correlation was found 
between particles <0.05mm indiameter and settling rate (Figure 29). The settling ra e was 
somewhat dependent on the initial TSS concentrations. The R2 values were high for all of 
the TSS values (R2  > 0.80).  
The hypothesis that settling rate changes the amount of P accumulating or leaving the 
basin is true because of the correlation between particle size and P concentration. Since P 
concentration is higher in smaller particle sizes, and since smaller particle sizes settle out 
slower than larger ones, P accumulation is related to settling rate. Conversely, the larger 
the particle size, the faster the settling rate and the less pollutant accumulation in the DB. 
This is one of the reasons, particle size distribution and associated pollutant 
concentrations in sediment are not the same as those in suspended solids (Li et al. 2006). 
Sieved Particle 
Size Range 
(mm) 1-0.5 0.5-0.25 0.25-0.13 0.13-0.08 0.08-0.05 <0.05 
% Particle Sizes 
Within Range 76.36 63.17 61.16 46.27 35.53 82.44 
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Retained runoff settles out larger particles and associated pollutants rather than allowing 
them to runoff to another water body. Suspended solids in runoff are usually smaller and 
hence carry higher pollutant concentrations.  
The relationship between settling ability and pollutant accumulation is also related to 
the density of the particle. Less dense particles such as silt and clay will settle at a rate 
slower than large dense particles such as sand (Clar et al. 2004). If retention ime is 
extended for the sake of TSS removal, the flood control component of a DB may fail. 
Thus, retention time and settling rate are important factors from both a flood and water 
quality control perspective. Retention time for a DB is based on the outlet structure, 
design and size of the DB (Akan et al. 1992).  
 
 
Figure 20 Settling rate for the particle sizes <0.05mm in 3, 6, 9 and 12 g TSS 
concentrations 
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CHAPTER 5 
SUMMARY, RECOMMENDATIONS, AND CONCLUSION  
We found that sediment P was higher in post-rain samples when compared with pre-
rain samples. Four of the six DBs had higher sediment P concentrations outside than 
inside the DB. Sediment size was associated with sediment P concentration, with finer 
particles having higher sediment P concentrations. With respect to land use, sediment P 
was highest in the low developed areas, but dissolved P was highest in the highly 
developed areas. Individual DB comparison of before and after rain event concentrations 
revealed that 4 (Red Rock, Duck Creek, Mission Hills, and Equestrian) of the 6 DBs 
analyzed had higher average sediment P concentration after the rain event. We also 
compared pre- and post-rain P concentrations of the background soil outside the DB. 
Mission Hills, Upper Duck Creek, and Red Rock had higher sediment P in the post-rain 
samples. More research needs to be conducted to conclusively report that DBs in arid 
regions serve as BMPs for water quality control. 
The relationship between the hypotheses, the results and how the results were 
obtained will be discussed. The first hypothesis: 
1. Sediment P concentrations will be higher inside the DB than outside the 
DB and post-rain samples will have higher P concentration than pre-rain 
samples.  
This hypothesis was dependent on the particular DB that was analyzed. For example, 
Black Mountain DB had higher P concentrations inside the DB than outside the DB in the 
pre-rain samples while Mission Hills DB had higher P concentrations outside the DB 
than inside the DB in the pre-rain samples. Overall, three of the six DBs had higher P 
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concentration outside than inside the DB for the pre-rain samples, while two out of the 
six DBs had higher P concentration outside than inside the DB for the post-rain samples. 
The post-rain versus pre-rain sample results also varied based on the DB that was 
analyzed. For example, Red Rock DB showed increases in both outside and inside P 
concentration for post-rain samples while Duck Creek showed no such increase in post- 
rain samples. This hypothesis was tested by P concentration data in pre- ad post-rain 
sediment samples inside and outside the DB. The rain event evaluated fell on the 19th of 
January 2010 (precipitation and discharge calculations available in Appendix 4). 
 The second hypothesis turned out to be false: 
2. Sediment particulate and dissolved P concentrations will be higher in 
highly developed areas than less developed ones. 
Particulate sediment P concentrations were highest in less developed surrounding land 
use and dissolved P concentrations were highest in mid developed surrounding land use. 
This hypothesis was tested by designating a land use classification (low, mid, or high) to 
each DB and analyzing the P concentration associated with the DBs that fell into the 
particular land use category. 
 The third hypothesis was that: 
3. Smaller particles will have higher P concentration than large particles. 
This hypothesis was true. P concentration correlated with particle size; with smaller 
particles carrying higher P contents per unit weight than large particles.  Thi  hypothesis 
was tested by analyzing P concentration on various particle size ranges. A d the last 
hypothesis: 
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4. Particles > 0.05 mm in diameter will settle faster but will have lesser P 
concentrations than slower settling particles. 
This hypothesis was true because settling rate is affected by particle size; therefore P 
accumulation is affected by particle size. This hypothesis was tested by conducting 
 a settling rate experiment on the finest particle sizes and using our third hypothesis and 
their corresponding P concentration data. 
Based on our study, some management recommendations include multi-staging 
existing DBs and retrofitting with berms. Multi-stage DBs are known to effectively act as 
a BMP, and data suggest that the Black Mountain DB (which is a multi-stage DB) is
possibly acting as such. The Black Mountain DB was the only DB that had higher P 
concentrations inside the DB than outside the DB, suggesting that it may be catching 
sediment and P from its surrounding tributary area. Furthermore, we established that 
settling rate is related to P accumulation, so berms are suggested as a retrofit because they 
reduce velocity flow and increase detention time. These would allow finer particles with 
higher pollutants to settle out. 
Since arid regions are characterized by short duration, infrequent rain events, it is 
difficult to monitor infrastructural water quality outcomes.  This research establishes a 
guideline for DB and BMP related research in arid regions. Future implications of this 
research include a need for better understanding pollutant accumulation around DBs 
during antecedent moisture conditions and its relationship to the first flush phenomenon. 
This also entails a need to monitor inflow and outflow pollutant concentrations of DBs 
during rain events. Simulation of rainfall into a DB is suggested for this type of study to 
make it timely and controlled.  
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APPENDIX 1 
RAW DATA 
Pre- and Post-Rain Phosphorus Content by Individual Detention Basin 
Black Mountain DB 
Sieve 
Size 
Replicate 
Background Pre Outlet Pre Background Post Outlet Prost 
 (mm) Number (mg/g) (mg/g) (mg/g) (mg/g) 
2 Replicate 1 600.00 372.93 555.98 633.53 
2 Replicate 2 436.22 448.42 343.19 371.83 
2 Replicate 3 537.41 544.08 682.24 904.91 
1 Replicate 1 626.63 998.16 815.18 1242.25 
1 Replicate 2 987.74 1087.17 1037.20 880.88 
1 Replicate 3 589.05 774.29 763.01 840.76 
0.5 Replicate 1 1006.30 625.67 773.33 1143.69 
0.5 Replicate 2 882.75 852.27 983.59 1375.47 
0.5 Replicate 3 514.07 861.09 918.93 988.22 
0.25 Replicate 1 806.73 823.26 1370.31 1000.74 
0.25 Replicate 2 585.16 1035.96 807.16 799.05 
0.25 Replicate 3 608.75 998.42 1147.48 909.68 
0.125 Replicate 1 703.58 641.39 916.18 945.85 
0.125 Replicate 2 517.22 925.77 916.75 1262.70 
0.125 Replicate 3 751.41 922.34 1102.84 994.63 
0.075 Replicate 1 439.04 1177.04 780.27 843.07 
0.075 Replicate 2 337.59 834.54 871.27 899.37 
0.075 Replicate 3 590.40 686.08 1073.61 791.15 
0.053 Replicate 1 453.71 932.48 1309.36 935.12 
0.053 Replicate 2 358.13 860.00 884.50 984.45 
0.053 Replicate 3 422.95 906.22 623.91 1038.04 
0.053 Replicate 1 573.40 803.10 1137.39 1268.48 
0.053 Replicate 2 344.87 1012.18 1313.95 1235.16 
0.053 Replicate 3 734.19 847.61 1278.63 1284.07 
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Pioneer DB 
Sieve 
Size 
Replicate 
Background Pre Outlet Pre Background Post Outlet Prost 
 (mm) Number (mg/g) (mg/g) (mg/g) (mg/g) 
2 Replicate 1 706.46 1488.56 419.18 339.91 
2 Replicate 2 419.18 271.83 457.37 262.74 
2 Replicate 3 457.37 273.13 686.55 488.35 
1 Replicate 1 686.55 282.78 384.57 661.40 
1 Replicate 2 384.57 519.48 645.54 430.39 
1 Replicate 3 645.54 371.97 626.57 847.19 
0.5 Replicate 1 626.57 430.74 716.97 1080.78 
0.5 Replicate 2 716.97 591.22 602.25 733.32 
0.5 Replicate 3 602.25 363.14 784.18 688.99 
0.25 Replicate 1 784.18 572.63 671.44 383.70 
0.25 Replicate 2 671.44 273.39 597.85 711.22 
0.25 Replicate 3 597.85 417.67 595.13 328.56 
0.125 Replicate 1 595.13 471.73 852.66 715.69 
0.125 Replicate 2 852.66 433.58 837.33 402.30 
0.125 Replicate 3 837.33 327.53 659.51 567.19 
0.075 Replicate 1 659.51 586.83 792.86 676.02 
0.075 Replicate 2 792.86 439.27 695.11 507.41 
0.075 Replicate 3 695.11 601.64 782.27 541.88 
0.053 Replicate 1 782.27 480.72 729.89 409.62 
0.053 Replicate 2 729.89 484.82 863.51 482.10 
0.053 Replicate 3 863.51 532.25 804.35 616.57 
0.053 Replicate 1 804.35 796.68 903.83 936.99 
0.053 Replicate 2 903.83 795.63 841.63 842.69 
0.053 Replicate 3 841.63 536.35 1447.32 1553.50 
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Mission Hills DB 
 Sieve 
Size 
Replicate Background 
Pre 
Outlet1 
Pre 
Outlet2 
Pre 
Background 
Post 
Outlet1 
Post 
Outlet 2 
Post 
(mm) Number (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) 
2.00 Replicate 1 379.92 543.37 369.96 255.12 499.07 498.28 
2.00 Replicate 2 357.88 380.04 204.04 253.87 379.88 314.25 
2.00 Replicate 3 391.61 385.40 465.91 270.24 536.43 410.19 
1.00 Replicate 1 662.36 282.61 339.60 464.30 473.04 537.73 
1.00 Replicate 2 380.51 309.87 461.91 476.00 502.34 730.54 
1.00 Replicate 3 649.22 364.42 230.08 620.16 451.28 747.69 
0.50 Replicate 1 306.64 399.47 357.97 757.56 844.76 583.54 
0.50 Replicate 2 860.79 406.63 600.92 571.23 595.00 593.21 
0.50 Replicate 3 766.24 305.25 686.36 528.65 621.07 751.11 
0.25 Replicate 1 677.21 397.54 493.96 585.63 776.76 443.13 
0.25 Replicate 2 474.91 335.70 442.11 867.04 660.79 417.34 
0.25 Replicate 3 682.41 411.34 391.01 879.53 558.41 691.41 
0.13 Replicate 1 472.10 323.13 508.39 681.10 703.36 586.24 
0.13 Replicate 2 359.35 349.29 495.01 896.02 606.55 907.35 
0.13 Replicate 3 438.98 390.88 519.13 732.81 720.02 584.89 
0.08 Replicate 1 654.06 346.73 549.67 825.05 694.32 383.41 
0.08 Replicate 2 550.85 326.16 557.86 550.42 767.30 441.27 
0.08 Replicate 3 757.05 287.76 440.04 529.42 691.54 607.03 
0.05 Replicate 1 586.78 265.01 393.83 625.47 703.03 842.94 
0.05 Replicate 2 527.94 342.83 569.57 657.33 779.39 674.96 
0.05 Replicate 3 740.21 309.60 474.63 599.25 911.43 670.17 
0.05 Replicate 1 843.39 381.31 534.75 676.23 848.70 819.53 
0.05 Replicate 2 644.02 396.21 504.87 604.12 889.40 822.15 
0.05 Replicate 3 862.48 235.16 512.21 694.57 974.01 984.76 
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Red Rock DB 
 Sieve 
Size 
Replicate Background 
Pre Outlet Pre Background Post Outlet Post 
 (mm) Number (mg/g) (mg/g) (mg/g) (mg/g) 
2 Replicate 1 4379.17 3199.51 6067.48 1732.83 
2 Replicate 2 2770.60 324.63 6603.38 1767.40 
2 Replicate 3 2219.64 5350.66 4819.43 3735.15 
1 Replicate 1 1744.97 4343.54 3947.57 2228.90 
1 Replicate 2 3650.39 600.63 4463.07 3483.93 
1 Replicate 3 1720.60 12463.57 3666.10 5791.64 
0.5 Replicate 1 1711.92 5207.48 3271.11 2648.13 
0.5 Replicate 2 1213.80 4609.40 3584.82 2162.92 
0.5 Replicate 3 1912.67 4418.72 4178.28 2891.61 
0.25 Replicate 1 1711.26 2459.88 7712.43 8028.07 
0.25 Replicate 2 6334.25 3549.71 4825.09 1929.38 
0.25 Replicate 3 1662.02 2278.21 6741.14 6951.79 
0.125 Replicate 1 4213.44 971.42 9188.34 4970.70 
0.125 Replicate 2 4188.61 1061.28 3907.74 6147.81 
0.125 Replicate 3 3823.47 1007.13 2935.28 4742.50 
0.075 Replicate 1 1178.49 1362.53 2891.53 3695.33 
0.075 Replicate 2 1066.50 1095.26 2504.00 5135.93 
0.075 Replicate 3 8597.00 1430.08 2591.95 6074.41 
0.053 Replicate 1 3098.29 2490.06 3374.38 2859.18 
0.053 Replicate 2 2965.69 1883.31 3720.36 4563.71 
0.053 Replicate 3 2721.04 2400.33 3694.14 2767.96 
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Duck Creek DB 
Sieve 
Size 
Replicate  
Background Pre Outlet Pre Background Post Outlet Prost 
 (mm) Number (mg/g) (mg/g) (mg/g) (mg/g) 
2 Replicate 1 1303.62 766.97 1425.69 324.63 
2 Replicate 2 1849.48 2759.31 915.71 5350.66 
1 Replicate 1 3661.96 2385.91 9032.80 4343.54 
1 Replicate 2 3267.87 1978.24 9540.01 600.63 
1 Replicate 3 4817.77 1928.96 8441.54 12463.57 
0.5 Replicate 1 4265.22 2930.50 8861.60 5207.48 
0.5 Replicate 2 8140.58 2455.48 7261.89 4609.40 
0.5 Replicate 3 2813.64 3219.81 6436.90 4418.72 
0.25 Replicate 1 3950.02 1159.67 1429.76 2459.88 
0.25 Replicate 2 4164.03 1434.89 1786.63 3549.71 
0.25 Replicate 3 8549.60 890.72 1669.06 2278.21 
0.125 Replicate 1 3527.09 474.30 2739.44 971.42 
0.125 Replicate 2 4020.14 388.49 2460.90 1061.28 
0.125 Replicate 3 4128.54 361.95 2418.36 1007.13 
0.075 Replicate 1 5439.76 1460.90 3243.26 1362.53 
0.075 Replicate 2 5395.82 1286.96 2601.62 1095.26 
0.075 Replicate 3 3881.32 1466.42 4986.44 1430.08 
0.053 Replicate 1 5177.13 4016.31 7235.76 2490.06 
0.053 Replicate 2 4392.25 3812.95 5532.58 1883.31 
0.053 Replicate 3 8952.31 3301.09 8070.94 2400.33 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
56 
 
Equestrian DB 
 Sieve 
Size 
Replicate Background 
Pre Outlet Pre  Background Post Outlet Post 
(mm) Number  (mg/g) (mg/g) (mg/g) (mg/g)  
2 Replicate 1 530.23 473.06 311.49 317.21 
2 Replicate 2 437.39 419.16 301.11 365.79 
2 Replicate 3 504.85 341.99 990.84 349.42 
1 Replicate 1 444.67 400.41 1466.46 575.18 
1 Replicate 2 758.37 567.49 531.13 471.44 
1 Replicate 3 1056.70 667.81 663.34 592.70 
0.5 Replicate 1 665.91 612.44 716.43 469.73 
0.5 Replicate 2 805.85 647.87 960.91 729.78 
0.5 Replicate 3 926.10 464.93 1025.14 785.12 
0.25 Replicate 1 758.72 682.09 870.86 555.88 
0.25 Replicate 2 640.18 662.40 738.40 666.71 
0.25 Replicate 3 644.97 588.14 961.19 633.72 
0.125 Replicate 1 598.30 470.28 880.06 553.39 
0.125 Replicate 2 686.25 525.34 638.03 555.45 
0.125 Replicate 3 720.52 594.81 648.40 487.86 
0.075 Replicate 1 591.20 592.14 989.04 549.90 
0.075 Replicate 2 651.11 635.66 1923.23 575.58 
0.075 Replicate 3 559.34 563.95 2261.18 456.18 
0.053 Replicate 1 497.92 584.38 1933.36 741.85 
0.053 Replicate 2 594.06 544.81 2415.11 724.43 
0.053 Replicate 3 795.87 549.21 2188.46 542.17 
0.053 Replicate 1 839.82 604.21 1756.24 526.55 
0.053 Replicate 2 669.53 769.82 2858.22 539.33 
0.053 Replicate 3 723.63 669.94 2399.72 496.92 
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Particle Size Settling Rate for 3g, 6g, 9g and 12g Total Suspended Solid Concentrations 
3g 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Time (min) g/L g/L g/L % % % 
1.00 0.10 0.10 0.30 3.33 3.33 10.00 
2.00 0.55 0.57 0.57 18.33 19.00 19.00 
3.00 1.30 1.30 1.40 43.33 43.33 46.67 
4.00 1.80 1.70 2.00 60.00 56.67 66.67 
5.00 2.20 2.00 2.30 73.33 66.67 76.67 
6.00 2.40 2.10 2.50 80.00 70.00 83.33 
7.00 2.50 2.30 2.60 83.33 76.67 86.67 
8.00 2.70 2.50 2.70 90.00 83.33 90.00 
9.00 2.80 2.50 2.90 93.33 83.33 96.67 
10.00 2.90 2.60 3.00 96.67 86.67 100.00 
11.00 3.00 3.00 3.00 100.00 100.00 100.00 
12.00 3.00 3.00 3.00 100.00 100.00 100.00 
13.00 3.00 3.00 3.00 100.00 100.00 100.00 
14.00 3.00 3.00 3.00 100.00 100.00 100.00 
15.00 3.00 3.00 3.00 100.00 100.00 100.00 
16.00 3.00 3.00 3.00 100.00 100.00 100.00 
17.00 3.00 3.00 3.00 100.00 100.00 100.00 
18.00 3.00 3.00 3.00 100.00 100.00 100.00 
20.00 3.00 3.00 3.00 100.00 100.00 100.00 
21.00 3.00 3.00 3.00 100.00 100.00 100.00 
22.00 3.00 3.00 3.00 100.00 100.00 100.00 
30.00 3.00 3.00 3.00 100.00 100.00 100.00 
45.00 3.00 3.00 3.00 100.00 100.00 100.00 
 
 
 
 
 
 
 
 
 
 
58 
 
6g 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Time (min) g/L g/L g/L % % % 
1.00 0.50 0.50 0.30 8.33 8.33 5.00 
2.00 1.40 1.00 1.00 23.33 16.67 16.67 
3.00 2.00 1.70 1.50 33.33 28.33 25.00 
4.00 3.10 2.50 2.50 51.67 41.67 41.67 
5.00 3.50 3.30 3.00 58.33 55.00 50.00 
6.00 3.70 3.60 3.50 61.67 60.00 58.33 
7.00 4.30 4.00 3.90 71.67 66.67 65.00 
8.00 4.60 4.60 4.10 76.67 76.67 68.33 
9.00 4.90 4.70 4.30 81.67 78.33 71.67 
10.00 5.10 4.90 4.50 85.00 81.67 75.00 
11.00 5.30 5.00 4.80 88.33 83.33 80.00 
12.00 5.50 5.10 5.00 91.67 85.00 83.33 
13.00 5.60 5.30 5.10 93.33 88.33 85.00 
14.00 5.70 5.30 5.10 95.00 88.33 85.00 
15.00 5.90 5.40 5.20 98.33 90.00 86.67 
16.00 5.90 5.50 5.40 98.33 91.67 90.00 
17.00 6.00 5.70 5.50 100.00 95.00 91.67 
18.00 6.00 5.80 5.70 100.00 96.67 95.00 
20.00 6.00 6.00 6.00 100.00 100.00 100.00 
21.00 6.00 6.00 6.00 100.00 100.00 100.00 
22.00 6.00 6.00 6.00 100.00 100.00 100.00 
30.00 6.00 6.00 6.00 100.00 100.00 100.00 
45.00 6.00 6.00 6.00 100.00 100.00 100.00 
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9g 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Time (min) g/L g/L g/L % % % 
1.00 0.50 0.50 0.30 8.33 8.33 5.00 
2.00 1.40 1.00 1.00 23.33 16.67 16.67 
3.00 2.00 1.70 1.50 33.33 28.33 25.00 
4.00 3.10 2.50 2.50 51.67 41.67 41.67 
5.00 3.50 3.30 3.00 58.33 55.00 50.00 
6.00 3.70 3.60 3.50 61.67 60.00 58.33 
7.00 4.30 4.00 3.90 71.67 66.67 65.00 
8.00 4.60 4.60 4.10 76.67 76.67 68.33 
9.00 4.90 4.70 4.30 81.67 78.33 71.67 
10.00 5.10 4.90 4.50 85.00 81.67 75.00 
11.00 5.30 5.00 4.80 88.33 83.33 80.00 
12.00 5.50 5.10 5.00 91.67 85.00 83.33 
13.00 5.60 5.30 5.10 93.33 88.33 85.00 
14.00 5.70 5.30 5.10 95.00 88.33 85.00 
15.00 5.90 5.40 5.20 98.33 90.00 86.67 
16.00 5.90 5.50 5.40 98.33 91.67 90.00 
17.00 6.00 5.70 5.50 100.00 95.00 91.67 
18.00 6.00 5.80 5.70 100.00 96.67 95.00 
20.00 6.00 6.00 6.00 100.00 100.00 100.00 
21.00 6.00 6.00 6.00 100.00 100.00 100.00 
22.00 6.00 6.00 6.00 100.00 100.00 100.00 
30.00 6.00 6.00 6.00 100.00 100.00 100.00 
45.00 6.00 6.00 6.00 100.00 100.00 100.00 
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12g 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Replicate 
1 
Replicate 
2 
Replicate 
3 
Time (min) g/L g/L g/L % % % 
1.00 0.50 0.50 0.49 4.17 4.17 4.08 
2.00 1.50 1.50 1.50 12.50 12.50 12.50 
3.00 2.50 2.50 2.40 20.83 20.83 20.00 
4.00 3.40 3.50 3.50 28.33 29.17 29.17 
5.00 3.50 4.50 4.50 29.17 37.50 37.50 
6.00 4.50 5.50 5.30 37.50 45.83 44.17 
7.00 5.50 6.30 6.50 45.83 52.50 54.17 
8.00 6.00 7.50 7.50 50.00 62.50 62.50 
9.00 7.40 8.00 8.00 61.67 66.67 66.67 
10.00 8.00 8.50 8.30 66.67 70.83 69.17 
11.00 8.80 9.00 8.50 73.33 75.00 70.83 
12.00 9.00 9.50 9.00 75.00 79.17 75.00 
13.00 9.50 9.50 9.50 79.17 79.17 79.17 
14.00 9.90 9.80 10.00 82.50 81.67 83.33 
15.00 10.10 10.00 10.20 84.17 83.33 85.00 
16.00 10.10 10.30 10.30 84.17 85.83 85.83 
17.00 10.20 10.40 10.40 85.00 86.67 86.67 
18.00 10.30 10.50 10.50 85.83 87.50 87.50 
20.00 10.30 10.50 10.60 85.83 87.50 88.33 
21.00 10.50 10.60 10.70 87.50 88.33 89.17 
22.00 10.60 10.80 10.80 88.33 90.00 90.00 
23.00 10.70 10.90 11.00 89.17 90.83 91.67 
24.00 10.90 11.00 11.10 90.83 91.67 92.50 
25.00 11.10 11.00 11.20 92.50 91.67 93.33 
26.00 11.50 11.10 11.40 95.83 92.50 95.00 
27.00 11.80 11.40 11.50 98.33 95.00 95.83 
28.00 12.00 11.70 11.70 100.00 97.50 97.50 
29.00 12.00 11.80 12.00 100.00 98.33 100.00 
30.00 12.00 12.00 12.00 100.00 100.00 100.00 
45.00 12.00 12.00 12.00 100.00 100.00 100.00 
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Phosphorus Content verses 
Particle Size (includes DBs 
not provided in previous raw 
data) 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
2.00 900.00 
2.00 559.40 
2.00 633.53 
2.00 555.98 
2.00 379.92 
2.00 5433.69 
2.00 7399.18 
2.00 664.32 
2.00 499.07 
2.00 498.28 
2.00 2422.13 
2.00 1060.46 
2.00 311.49 
2.00 317.21 
2.00 1203.19 
2.00 436.22 
2.00 1345.27 
2.00 371.83 
2.00 343.19 
2.00 357.88 
2.00 3800.40 
2.00 2040.41 
2.00 2658.72 
2.00 379.88 
2.00 314.25 
2.00 1084.72 
2.00 437.39 
2.00 301.11 
2.00 182.89 
2.00 1173.06 
2.00 537.41 
2.00 544.08 
2.00 1357.37 
2.00 682.24 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
2.00 391.61 
2.00 3854.04 
2.00 4659.05 
2.00 536.43 
2.00 410.19 
2.00 883.96 
2.00 504.85 
2.00 990.84 
2.00 349.42 
2.00 1945.54 
 2.00 
(mm) 44 replicates 
1.00 626.63 
1.00 998.16 
1.00 1242.25 
1.00 899.70 
1.00 662.36 
1.00 5652.20 
1.00 3395.96 
1.00 1211.30 
1.00 670.34 
1.00 537.73 
1.00 1029.31 
1.00 444.67 
1.00 1466.46 
1.00 575.18 
1.00 866.82 
1.00 987.74 
1.00 1087.17 
1.00 880.88 
1.00 1037.20 
1.00 380.51 
1.00 6197.40 
1.00 4619.07 
1.00 1249.44 
1.00 502.34 
1.00 730.54 
1.00 1448.29 
1.00 758.37 
1.00 531.13 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
1.00 471.44 
1.00 2401.33 
1.00 589.05 
1.00 840.76 
1.00 763.01 
1.00 649.22 
1.00 7288.46 
1.00 2300.78 
1.00 620.16 
1.00 451.28 
1.00 747.69 
1.00 667.81 
1.00 1056.70 
1.00 663.34 
1.00 592.70 
1.00 568.85 
 1.00 
(mm)  42 Replicates 
0.50 1006.30 
0.50 625.67 
0.50 1143.69 
0.50 773.33 
0.50 306.64 
0.50 7989.33 
0.50 3579.68 
0.50 757.56 
0.50 844.76 
0.50 583.54 
0.50 612.44 
0.50 665.91 
0.50 716.43 
0.50 939.47 
0.50 780.14 
0.50 882.75 
0.50 852.27 
0.50 1375.47 
0.50 983.59 
0.50 860.79 
0.50 8132.52 
0.50 6009.19 
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Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.50 505.50 
0.50 571.23 
0.50 593.21 
0.50 805.85 
0.50 960.91 
0.50 486.52 
0.50 636.71 
0.50 514.07 
0.50 861.09 
0.50 988.22 
0.50 918.93 
0.50 766.24 
0.50 6105.05 
0.50 6863.58 
0.50 528.65 
0.50 621.07 
0.50 751.11 
0.50 464.93 
0.50 926.10 
0.50 1025.14 
0.50 785.12 
0.50 777.80 
 0.50 
(mm) 44 Replicates 
0.25 806.73 
0.25 823.26 
0.25 1000.74 
0.25 1370.31 
0.25 677.21 
0.25 3975.41 
0.25 4939.58 
0.25 776.76 
0.25 682.09 
0.25 758.72 
0.25 870.86 
0.25 720.99 
0.25 585.16 
0.25 1035.96 
0.25 799.05 
0.25 807.16 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.25 6714.08 
0.25 4421.06 
0.25 867.04 
0.25 662.40 
0.25 640.18 
0.25 738.40 
0.25 666.71 
0.25 653.37 
0.25 608.75 
0.25 998.42 
0.25 909.68 
0.25 1147.48 
0.25 682.41 
0.25 4113.39 
0.25 3910.13 
0.25 879.53 
0.25 691.41 
0.25 644.97 
0.25 961.19 
0.25 633.72 
0.25 787.80 
 0.25 
(mm)  37 Replicates 
0.13 703.58 
0.13 641.39 
0.13 945.85 
0.13 916.18 
0.13 6462.62 
0.13 5083.93 
0.13 681.10 
0.13 703.36 
0.13 586.24 
0.13 598.30 
0.13 880.06 
0.13 646.10 
0.13 925.77 
0.13 1262.70 
0.13 916.75 
0.13 6985.75 
0.13 4950.06 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.13 896.02 
0.13 606.55 
0.13 907.35 
0.13 638.03 
0.13 555.45 
0.13 686.75 
0.13 751.41 
0.13 922.34 
0.13 994.63 
0.13 1102.84 
0.13 3908.79 
0.13 5191.29 
0.13 732.81 
0.13 720.02 
0.13 584.89 
0.13 594.81 
0.13 720.52 
0.13 648.40 
0.13 627.71 
 0.13 
(mm) 36 Replicates 
0.08 439.04 
0.08 1177.04 
0.08 843.07 
0.08 780.27 
0.08 654.06 
0.08 6934.60 
0.08 5496.69 
0.08 825.05 
0.08 694.32 
0.08 383.41 
0.08 592.14 
0.08 591.20 
0.08 989.04 
0.08 549.90 
0.08 672.19 
0.08 337.59 
0.08 2187.22 
0.08 899.37 
0.08 2238.32 
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Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.08 550.85 
0.08 6523.14 
0.08 5578.58 
0.08 2009.56 
0.08 441.27 
0.08 635.66 
0.08 651.11 
0.08 1923.23 
0.08 1484.59 
0.08 617.14 
0.08 590.40 
0.08 1747.37 
0.08 791.15 
0.08 2832.39 
0.08 757.05 
0.08 5755.21 
0.08 4400.42 
0.08 529.42 
0.08 1764.49 
0.08 607.03 
0.08 563.95 
0.08 559.34 
0.08 2261.18 
0.08 117.76 
0.08 643.51 
 0.08 
(mm) 44 Replicates 
0.06 453.71 
0.06 2355.43 
0.06 1402.68 
0.06 3478.94 
0.06 586.78 
0.06 5300.29 
0.06 7876.55 
0.06 625.47 
0.06 1778.12 
0.06 842.94 
0.06 584.38 
0.06 497.92 
0.06 1933.36 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.06 1958.22 
0.06 555.44 
0.06 358.13 
0.06 984.45 
0.06 2269.89 
0.06 527.94 
0.06 6856.69 
0.06 5695.72 
0.06 657.33 
0.06 2001.44 
0.06 674.96 
0.06 544.81 
0.06 594.06 
0.06 2415.11 
0.06 1866.56 
0.06 636.19 
0.06 422.95 
0.06 2305.86 
0.06 1038.04 
0.06 1637.75 
0.06 740.21 
0.06 6192.01 
0.06 4746.30 
0.06 599.25 
0.06 2366.09 
0.06 670.17 
0.06 549.21 
0.06 795.87 
0.06 2188.46 
0.06 1370.15 
0.06 640.07 
 0.06 
(mm) 44 Replicates 
0.01 573.40 
0.01 2048.80 
0.01 1691.31 
0.01 2971.23 
0.01 843.39 
0.01 7626.27 
0.01 5347.52 
Sieve 
Size 
(mm) 
P Concentration 
(mg/g) 
0.01 676.23 
0.01 2196.99 
0.01 819.53 
0.01 839.82 
0.01 1756.24 
0.01 1340.69 
0.01 719.91 
0.01 344.87 
0.01 3456.08 
0.01 1235.16 
0.01 3432.65 
0.01 644.02 
0.01 7924.21 
0.01 5048.68 
0.01 83.58 
0.01 2260.51 
0.01 822.15 
0.01 769.82 
0.01 669.53 
0.01 2858.22 
0.01 1389.82 
0.01 459.21 
0.01 734.19 
0.01 2869.81 
0.01 1284.07 
0.01 3268.27 
0.01 862.48 
0.01 4703.21 
0.01 5122.13 
0.01 694.57 
0.01 2492.65 
0.01 984.76 
0.01 669.94 
0.01 723.63 
0.01 2399.72 
0.01 1295.03 
0.01 674.54 
0.01 
(mm) 44 Replicates 
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Dissolved Phosphorus Content by Land Use  
Detention Basin Replicate (mg/L) 
Red Rock Replicate 1 0.13 
 
Replicate 2 0.11 
 
Replicate 3 0.16 
Mission Hills Replicate 1 0.61 
 
Replicate 2 0.72 
 
Replicate 3 0.68 
Pioneer Replicate 1 0.53 
 
Replicate 2 0.39 
 
Replicate 3 0.40 
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Laser Diffraction Analysis for Particle Size 
  
Particle 
Size Geometric stats (µm) 
Detention Basin (µm) Geomean Median Mode St. Dev. 
Red Rock  1000-500 454.70 735.00 804.90 4.51 
 Red Rock  500-250 347.20 372.10 354.30 2.03 
Red Rock  250-125 197.20 220.50 223.50 2.12 
Red Rock  125-75 101.20 124.70 125.70 2.71 
Red Rock  75-53 61.28 76.47 79.31 2.52 
Red Rock  <53 28.19 39.75 53.01 2.90 
Mission Hills  1000-500 288.60 618.20 749.40 6.26 
Mission Hills  500-250 237.30 371.90 375.30 4.49 
Mission Hills  250-125 115.20 180.80 193.70 3.99 
Mission Hills  125-75 79.85 112.10 118.70 3.19 
Mission Hills  75-53 52.38 73.01 79.31 2.91 
Mission Hills  <53 24.76 37.29 50.04 3.14 
Pioneer  1000-500 686.20 790.10 816.60 2.26 
Pioneer  500-250 349.60 410.70 403.40 2.58 
Pioneer  250-125 156.20 206.20 223.50 3.02 
Pioneer  125-75 170.20 217.10 223.50 2.81 
Pioneer  75-53 64.00 76.52 79.31 2.28 
Pioneer  <53 34.09 44.77 53.01 2.53 
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Particle 
Size 
Volume 
Frequency 
(%) (by 
Low 
Diameter)               
Detention Basin  ( µm) 1000 µm 500 µm 250 µm 200 µm 150 µm 125 µm 100 µm 75 µm 
Red Rock  1000-500 19.21 57.94 9.34 1.10 0.96 0.55 0.62 0.77 
 Red Rock  500-250 0.23 17.48 74.24 3.80 0.64 0.76 0.24 0.23 
Red Rock  250-125 0.00 0.00 32.29 31.13 26.55 4.99 1.12 0.83 
Red Rock  125-75 0.00 0.00 0.01 2.45 21.99 25.20 28.09 14.40 
Red Rock  75-53 0.00 0.00 0.00 0.00 0.08 2.57 14.11 35.83 
Red Rock  <53 0.00 0.00 0.00 0.00 0.00 0.00 0.48 7.05 
Mission Hills  1000-500 12.67 50.15 13.16 1.96 1.75 0.87 1.03 1.17 
Mission Hills  500-250 1.07 22.50 56.16 4.02 1.45 1.06 0.75 0.66 
Mission Hills  250-125 0.00 0.00 17.04 21.89 29.03 11.07 5.07 1.29 
Mission Hills  125-75 0.00 0.00 0.03 1.94 15.17 19.47 26.56 20.41 
Mission Hills  75-53 0.00 0.00 0.00 0.00 0.03 1.92 12.03 32.66 
Mission Hills  <53 0.00 0.00 0.00 0.00 0.00 0.00 0.26 5.48 
Pioneer  1000-500 22.59 66.54 6.82 0.38 0.40 0.20 0.18 0.25 
Pioneer  500-250 0.72 28.95 59.11 3.30 1.66 0.77 0.50 0.53 
Pioneer  250-125 0.00 0.00 27.61 25.89 25.72 7.22 2.86 1.57 
Pioneer  125-75 0.00 0.01 33.09 26.44 23.42 5.64 2.11 1.36 
Pioneer  75-53 0.00 0.00 0.00 0.00 0.18 3.08 14.31 35.04 
Pioneer  <53 0.00 0.00 0.00 0.00 0.00 0.00 0.34 7.60 
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Particle 
Size 
Volume 
Frequency 
(%) (by 
Low 
Diameter)               
Detention Basin  ( µm) 62.5 µm 50 µm 40 µm 30 µm 20 µm 19 µm 18 µm 17 µm 
Red Rock  1000-500 0.36 0.42 0.61 0.51 0.71 0.10 0.11 0.13 
 Red Rock  500-250 0.13 0.19 0.13 0.15 0.20 0.03 0.03 0.03 
Red Rock  250-125 0.24 0.19 0.14 0.11 0.17 0.02 0.03 0.03 
Red Rock  125-75 0.77 0.47 0.98 0.31 0.35 0.05 0.05 0.05 
Red Rock  75-53 21.46 14.05 2.93 0.28 1.51 0.09 0.08 0.07 
Red Rock  <53 10.25 16.18 15.63 14.61 11.31 1.04 1.05 1.07 
Mission Hills  1000-500 0.56 0.60 0.99 1.11 1.24 0.18 0.20 0.23 
Mission Hills  500-250 0.32 0.40 0.58 0.54 0.71 0.11 0.13 0.14 
Mission Hills  250-125 0.65 0.77 0.54 0.46 0.73 0.11 0.12 0.14 
Mission Hills  125-75 3.25 0.55 0.91 1.02 0.64 0.12 0.13 0.14 
Mission Hills  75-53 20.68 14.66 3.79 0.39 1.98 0.19 0.17 0.16 
Mission Hills  <53 8.96 15.26 15.68 15.10 11.03 0.96 0.97 0.98 
Pioneer  1000-500 0.09 0.22 0.18 0.16 0.26 0.03 0.03 0.04 
Pioneer  500-250 0.19 0.30 0.31 0.26 0.40 0.05 0.05 0.06 
Pioneer  250-125 0.72 0.56 0.56 0.58 0.64 0.09 0.10 0.11 
Pioneer  125-75 0.53 0.51 0.51 0.45 0.63 0.08 0.09 0.09 
Pioneer  75-53 21.27 14.47 3.45 0.50 1.59 0.10 0.09 0.08 
Pioneer  <53 12.28 19.94 18.76 15.49 9.03 0.73 0.74 0.75 
  
Particle 
Size 
Volume 
Frequency 
(%) (by 
Low 
Diameter)               
Detention Basin  ( µm) 16 µm 15 µm 14 µm 13 µm 12 µm 11 µm 10 µm 9 µm 
Red Rock  1000-500 0.14 .15 .16 .17 .17 0.18 0.21 0.25 
    500-250 .03 .04 .03 .03 .03 .04 .05 .05 
   25 125 .0  .04 .0  .03 .03 . 4 . 6 . 7 
   125-75 .05 .05 .06 .07 .08 . 9 .11 .12 
   75-53 .0  .08 .11 .13 .16 .19 .22 .24 
   <53 1.09 1.11 1.1  1.15 .15 1.15 1.12 1. 8 
Mission Hills  1000-500 0.25 0.28 0.30 0.31 0.33 0.36 0.40 0.4  
i i  ill   500-250 .1  .17 .1  0.20 0. 2 .24 . 8 .34 
i i  ill   25 125 .15 .17 .1  .20 .22 .25 .30 .36 
i i  ill   125-75 .1  .15 .16 .17 .19 .22 .27 .31 
i i  ill   75-53 0.1  .16 .18 0.21 .26 .3  .37 .42 
i i  ill   <53 1.01 1.04 1.08 1.11 .14 1. 6 1. 6 1. 5 
Pioneer  1000-500 0 04 0.05 0.05 0.05 0.05 05 06 0
500-250 6 07 07 08 08 9 10 11
25 125 1 12 13 13 14 16 18 21
125-75 10 11 11 12 1 15 7 9
75-53 09 10 13 1 17 19 20 21
<53 0.77 0.78 0 79 79 0 77 74 6 65
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Particle 
Size 
Volume 
Frequency 
(%) (by 
Low 
Diameter)               
  ( µm) 8 µm 7 µm 6 µm 5 µm 4 µm 3 µm 2 µm 1.5 µm 
Red Rock  1000-500 0.28 0.30 0.31 0.35 0.47 0.58 0.68 0.40 
 Red Rock  500-250 0.05 0.06 0.07 0.08 0.10 0.13 0.17 0.12 
Red Rock  250-125 0.07 0.07 0.09 0.12 0.12 0.17 0.23 0.21 
Red Rock  125-75 0.13 0.14 0.16 0.22 0.29 0.35 0.47 0.31 
Red Rock  75-53 0.25 0.25 0.28 0.37 0.52 0.62 0.78 0.55 
Red Rock  <53 1.03 0.97 0.96 1.01 1.12 1.22 1.47 1.05 
Mission 
Hills  
1000-500 
0.55 0.61 0.64 0.72 0.99 1.20 1.43 0.86 
Mission 
Hills  
500-250 
0.40 0.45 0.48 0.57 0.79 0.99 1.22 0.75 
Mission 
Hills  
250-125 
0.42 0.48 0.54 0.65 0.91 1.16 1.45 0.90 
Mission 
Hills  
125-75 
0.36 0.38 0.42 0.56 0.78 0.95 1.28 0.84 
Mission 
Hills  
75-53 
0.45 0.47 0.53 0.69 0.94 1.16 1.54 1.06 
Mission 
Hills  
<53 
1.13 1.12 1.16 1.31 1.58 1.91 2.41 1.63 
Pioneer  1000-500 0.08 0.08 0.09 0.12 0.13 0.15 0.20 0.11 
Pioneer  500-250 0.13 0.13 0.13 0.18 0.22 0.25 0.32 0.24 
Pioneer  250-125 0.24 0.25 0.25 0.30 0.42 0.49 0.62 0.37 
Pioneer  125-75 0.21 0.22 0.23 0.30 0.38 0.43 0.57 0.37 
Pioneer  75-53 0.21 0.23 0.27 0.36 0.43 0.49 0.68 0.51 
Pioneer  <53 0.61 0.59 0.62 0.70 0.79 0.85 1.08 0.81 
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Particle 
Size 
Volume 
Frequency 
(%) (by 
Low 
Diameter)       
  ( µm) 1 µm 0.5 µm 0.01 µm Sum 
Red Rock  1000-500 0.59 0.82 0.36 100.00 
 Red Rock  500-250 0.11 0.23 0.06 100.00 
Red Rock  250-125 0.17 0.29 0.32 100.00 
Red Rock  125-75 0.51 0.67 0.97 100.00 
Red Rock  75-53 0.70 1.25 0.18 100.00 
Red Rock  <53 1.12 2.27 0.14 100.00 
Mission Hills  1000-500 0.96 1.21 0.27 100.00 
Mission Hills  500-250 0.81 1.02 0.15 100.00 
Mission Hills  250-125 1.03 1.26 0.48 100.00 
Mission Hills  125-75 0.93 1.28 0.26 100.00 
Mission Hills  75-53 0.98 1.45 0.00 100.00 
Mission Hills  <53 1.71 2.47 0.05 100.00 
Pioneer  1000-500 0.09 0.17 0.00 100.00 
Pioneer  500-250 0.16 0.28 0.16 100.00 
Pioneer  250-125 0.49 0.65 0.50 100.00 
Pioneer  125-75 0.39 0.56 0.28 100.00 
Pioneer  75-53 0.46 0.95 0.00 100.00 
Pioneer  <53 0.79 1.54 0.00 100.00 
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APPENDIX 2 
PROTOCOLS 
Decontamination Protocol: 
1) Put dry dishes on wall away. 
2) Turn on tap water in the sinks in Labs 126 and 127. 
3) Remove items from clean water bath and rinse with DI water before drying. 
4) Remove items from Acid bath and thoroughly rinse with DI water. 
5) Place items in Clean Water bath, fully submerging each item (i.e.- make sure 
water is inside the container as well as outside). 
6) Remove items from the Soap (Liquinox) bath and thoroughly rinse with DI water. 
7) Place items in Acid Bath, fully submerging each item. 
8) Thoroughly rinse unwashed dirty items, and then place in the Soap (Liquinox) 
Bath tub, fully submerging each item. 
* Items should be left in the Clean Water bath and Acid bath for at least four hours, but 
preferably overnight. 
* Make sure lids are tightly in place to keep the bath water clean and prevent evaporation. 
Changing Bath Water: 
* All bath water should be changed when there are particles floating in the water.
* The Clean Water bath should also be changed when the pH is less than 4. 
* The Acid bath should be changed when the pH is greater than 3. 
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To change baths: 
1) Test the pH of the water in the bath. 
2) If pH is not 7, the water must be neutralized. If pH is 7, go to step 6. 
3) For pH less than 7: Add baking soda slowly to neutralize water to pH 7. 
4) Leave the water in the bath overnight and then check the pH again in the morning. 
5) If the pH is still 7, go to step 6. If not repeat steps 3 and 4. 
6) Turn on the tap water in the sinks in Labs 126 and 127. 
7) Slowly pour the water from the bath into the sink. (The soap bath must be emptied 
VERY slowly to prevent too many bubbles/foam in the drain)  
Soap (LiquinoxTM) bath: 200 ml of LiquinoxTM and 20 L of DI water (fill to line with DI 
water). Acid bath: 800 ml of concentrated nitric acid and 20 L of DI water (fill to line 
with DI water). Clean Water bath: 20 L of DI water (fill to line with DI water). 
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Settling Velocity Protocol: Based on Standard Methods for the Examination of Water and 
Wastewater  
2540 SOLIDS#(1)* 
2540 F. Settleable Solids 
1. General Discussion 
Settleable solids in surface and saline waters as well as domestic and industrial wa es 
maybe determined and reported on either a volume (mL/L) or a weight (mg/L) basis. 
2. Apparatus 
The volumetric test requires only an Imhoff cone. The gravimetric test requires all the 
apparatus listed in Section 2540D.2 and a glass vessel with a minimum diameter of 9 cm. 
3. Procedure  
a. Volumetric: Fill an Imhoff cone to the 1-L mark with a well-mixed sample. Settle for 
45 min, gently agitate sample near the sides of the cone with a rod or by spinning, settle 
15 min longer, and record volume of settleable solids in the cone as milliliters per liter. If
the settled matter contains pockets of liquid between large settled particles, estimate 
volume of these and subtract from volume of settled solids. The practical lower limit of 
measurement depends on sample composition and generally is in the range of 0.1 to 1.0 
mL/L. Where a separation of settleable and floating materials occurs, do not estimate the 
floating material as settleable matter. Replicates usually are not rquire 
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Modified Phosphorus Protocol: Based on method in Standard Methods for Water and 
Wastewater Treatment and modified by Kumud Acharya 
Stock solutions (Also see file: Reagent Preparation for Phosphorus Analysis): 
-5N H2SO4 (278ml of 18N H2SO4/1 L total volume) (Keep refrigerated) 
-Potassium antimony tartrate (0.2743g/100ml total volume) 
-Ammonium molybdate (4g/100ml total volume) 
-160 µM (5053 µg P/L) Phosphorus standard (7.74 ml of 1000ppm phosphate 
standard/500 ml total volume) (Keep refrigerated) 
-16% NaOH (80 g/500 ml total volume) 
1) Label tubes (Standard 1 – 10, A1-A3, and samples). 
2) Weigh each empty tube and record weight. 
3) Add ~0.1 g soil/bug sample or 10 ml water sample to appropriate tubes and weight 
those tubes again. Record weights. 
(Weigh 10ml into tube on scale and record.) 
4) Weigh out standards/apple leaves into appropriate tubes while tube is on scale: 
(Standard 1-7 use medium size pipette: 0.10, 0.30, 0.50 etc. Std 8-10 use largest 
pipette: 1.2, 1.5 & 2.0 )  
Standard 1 – blank Standard 2 – blank Standard 3 – 100 µl Standard 4 – 300 µl 
Standard 5 – 500 µl Standard 6 – 700 µl Standard 7 – 900 µl Standard 8 – 1200 µl 
Standard 9 – 1500 µl Standard 10 – 2000 µl Apple Leaves – 2, 4, & 6 mg 
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5) Prepare 5% persulfate solution (5g/100ml total volume). Make fresh everyday / heat 
to dissolve. (Leftover persulfate should be put in phosphorus waste container). 
6) Add 400 µl stock 5N H2SO4 to all tubes. (Use middle size pipette 0.40). (Pour 
leftover H2SO4 back into its container if not contaminated or neutralize with baking 
soda or leftover NaOH). 
7) Add 10 – 15 ml (use largest pipette 5.00 2x for 10 ml, 3x for 15 ml) of persulfate to 
each tube. (10 ml for standards, 15ml for soil samples / apple leaves) 
8) Cover each tube with aluminum foil / autoclave tape. 
9) Autoclave for 30 minute cycle, 121oC. 
10) Add 50 µl phenolphthalein indicator to each tube. (Use smallest pipette 0.50).
(Leftover phenolphthalein cannot be poured down sink. It will evaporate so throwin 
trash). 
11) Titrate with 16% NaOH until pink. (Make sure to pour NaOH into glass nd not a tin 
cup when you are using it to titrate. NaOH will react with tin. Pour leftover NaOH 
back into its container if not contaminated or neutralize with acid). 
12) Prepare ascorbic acid (1.76g/100ml total volume) (Can be stored for up t  1 week – 
keep refrigerated. Label, date and initial container.) 
13) Mix reagents A-D together in order listed. (Leftover reagent must be poured into 
waste container). 
100 ml reagent solution: (Determine how much reagent you will need – might be 
more or less than 100 ml) 
A – 50 ml of 5N H2SO4 (278ml of 18N H2SO4/1 L total volume) 
B – 5 ml of potassium antimony tartrate (0.2743g/100ml total volume) 
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C – 15 ml ammonium molybdate (4g/100ml total volume) 
D – 30 ml ascorbic acid (1.76g/100ml total volume) 
[Look for yellowish color change after ascorbic acid is added] 
14) Add 3.2 ml of reagent per 20 ml sample (For 10-12 ml sample, add 2.5 ml of reagent) 
15) Turn on UV-Vis [See UV-Vis Procedure for Phosphorus Analysis Protocol] 
16) Weigh tubes again and record weight. 
17) Analyze in UV-Vis at 880nm after at least 15 minutes but before 2 hours. 
[Soluble Reactive P – no digestion (no persulfate/H2SO4) – Need to add 11.4ml Nano to 
standards]  
[Total P – with digestion (w/ persulfate/H2SO4)] 
18) Cleanup. Pour everything from the UV-Vis analysis and leftovers into phosphorus 
waste container. Rinse tubes and other materials and place into soapy water. 
 
 
 
 
 
 
76 
 
UV-Vis Procedure for Phosphorus Analysis Protocol 
1) Turn on Uv-Vis and computer about half an hour before using. 
2) Once UV-Vis has warmed up, Press F4 PC CTRL on the instrument. 
3) On the computer, open UV Probe 2.20. 
a. Open the method file P880nm newer.pmd. 
b. Change the filename to the operator’s initials and the date and make sure 
the correct folder is chosen. 
c. Click Connect to connect the computer to the instrument. 
4) Set up the Samples names in the computer file. 
a. For Standards: Blank, 100, 300, 500, 700, 900, 1200, 1500, 2000 and enter 
in their corresponding concentrations that were determined using the excel 
spreadsheet. 
b. For Samples and Apple Leaves: Type in the name of the sample. 
5) On the computer, right click on the graph and select Properties. 
a. Then click Equation and r2 correlation coefficient. 
6) Check the instrument and make sure there are NO cuvettes in the instrument. 
7) On the computer, click Baseline and set the range from 850-930nm. 
a. Once the Baseline is completed, set the wavelength to 880nm by clicking 
Go To WL and entering 880. 
8) Fill two cuvettes with purified (Milli-Q) water and put in the UV-Vis. 
9) Click Auto Zero on the computer. 
10) Remove the front cuvettes and put in one of the standard blanks and check the 
absorbance. 
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11) Check the absorbance on the second blank. 
12)  Both blanks should be similar and also close to zero absorbance. 
13) The blank that is the higher of the two will be used for the standard curve. 
a. If one of the blanks is MUCH higher than the other, it is not valid and 
can’t be used. 
14) Put the blank that will be used for the standard curve into the instrument. 
15) Click Auto Zero on the computer. 
16) Click Read Standard on the computer. 
17) For each standard, put in the instrument and click Read Standard on the computer. 
18) The graph should give you and equation of roughly y = 0.0008x and the r2 value 
should be at least 0.999. 
19) Then put the first sample into the instrument and click Read Unknown. 
20) Repeat for each sample. If you need to dilute a sample, make note of the dilution 
on the computer. 
21) If you are running more than 10 samples, after every 10 samples, put the blank in 
the instrument and check the absorbance. If it is not zero, then click Auto Zero. 
22) After all the standards, apples leaves, and samples have been read, print the 
Standards page and the Sample page from the computer. 
23) All the phosphorus waste (samples, extra reagent, etc.) must be put in the 
Phosphorus Waste container under the hood in lab 127. 
24) The disposable cuvettes can be thrown in the trash once empty. 
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Protocol for Sieve Analysis of Fine and Coarse Aggregates 
AASHTO T 27 – 
Conduct this procedure according to AASHTO T 27, NDDOT Modified.  
The standard test procedure reports the percentage of material finer than the No. 
200 sieve to the nearest 0.1% except if the result is 10% or more, report to the 
nearest whole number. NDDOT modification is the accuracy is reported to the 
same significant digit as specified in the specifications for the class of aggregate.  
Consult the current edition of AASHTO for procedure in its entirety and 
equipment specification details.  
SCOPE  
This test method determines the particle size distribution of fine and coarse 
aggregates by sieving. The No. 4 sieve is designated as the division between the 
fine and coarse aggregate.  
APPARATUS  
Balance  
Sieves: 8" round, 12" round, or 14" square  
Mechanical sieve shaker  
Oven  
Bronze brush  
Paint brush, approximately 1" wide  
Sample splitters, small and large  
Mortar and rubber tipped pestle  
Spoons  
Large pans required for drying and handling sample  
TEST SPECIMEN  
Obtain sample according to T 2. Thoroughly mix and reduce according to T 248.  
PROCEDURE 
Use SFN 9987 or 2455 to record all information. All weights are recorded to the nearest 
0.1 g.  
79 
 
Dry the sample according to T 255 at a temperature of 230 ± 9°F (110 ± 5°C).  
Select sieves to furnish the information required by the specifications covering the 
material to be tested. Use of additional sieves may be desirable to prevent the 
required sieves from becoming overloaded.  
The quantity retained on any sieve, with openings smaller than the No. 4 sieve, at 
the completion of the sieving operation shall not exceed 4 g per sq.in. of sieving 
surface area. If this occurs it is considered overloading of the sieve. The overload 
amount for an 8" diameter sieve is 200 g.  
The quantity retained on any sieve, with openings of No. 4 and larger, at the 
completion of the sieving operation shall not exceed 2.5 times sieve opening 
times effective sieve area. If this occurs it is considered overloading of the sieve. 
The following table shows the maximum amount of material to be retained on a 
sieve before being considered overloaded. 
MAXIMUM ALLOWABLE QUANTITY OF MATERIAL RETAINED*  
Sieve Opening Size  8" Diameter Sieve  14" Square Sieve  
2" (50 mm)  7.9 lbs (3.6 kg)  33.7 lbs (15.3 kg)  
1½" (37.5 mm)  6.0 lbs (2.7 kg)  25.4 lbs (11.5 kg) 
1" (25.0 mm)  4.0 lbs (1.8 kg)  17.0 lbs (7.7 kg)  
3/4" (19.0 mm)  3.1 lbs (1.4 kg)  12.8 lbs (5.8 kg) 
1/2" (12.5 mm)  2.0 lbs (0.89 kg)  8.4 lbs (3.8 kg)  
3/8" (9.5 mm)  1.5 lbs (0.67 kg)  6.4 lbs (2.9 kg)  
No. 4 (4.75 mm)  0.7 lbs (0.33 kg)  3.3 lbs (1.5 kg)  
__________________________________________________________  
*Table 1 of the AASHTO standard shows a complete table of different  
size sieves of the maximum allowable quantities of material retained  
on a sieve.  
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Preventing overloading of material on an individual sieve can be accomplished by 
one of the following methods:  
• Insert an additional sieve with opening size intermediate between the sieve 
that may be overloaded and the sieve immediately above that sieve.  
• Split the sample into two or more portions, sieve each portion individually 
and combine the portions retained on the sieve before calculating the 
percentage of the sample on the sieve.  
• Use sieves having a larger frame size and providing a greater sieving area.  
The portion finer than the No. 4 sieve may be reduced using a mechanical splitter.  
Nest the sieves in order of decreasing size of opening from top to bottom and 
place the sample on the top sieve. Agitate the sieves by hand or by mechanical 
apparatus until meeting the criteria for adequacy of sieving. 
When using a mechanical shaker, place the sample in the stack of sieves and 
shake until not more than 0.5% by weight of the total sample passes any sieve 
during one minute. Approximately 10 minutes will be sufficient for most material. 
Use manual shaking of the material on any one sieve to check on the 
thoroughness of sieving by any mechanical shaker.  
Remove the top sieve, brush the retained material into a pan, weigh and record. 
Be sure to thoroughly clean each sieve. Repeat this process with each 
succeedingsieve, brushing the material into individual pans, and record the non-
cumulative weights.  
 
 
81 
 
CALCULATIONS  
Add the non-cumulative weight retained on the largest sieve to the weight 
retained on the next smallest sieve and record in the cumulative column.  
Calculate the percent retained on each sieve by dividing each weight by the 
original total dry weight and multiplying by 100. This is the percent retained. 
Subtract each of these values from 100 to obtain the percent passing each sieve. 
Continue this process for each sieve. The equations are as follows:  
Percent retained on sieve = (Cumulative weight/Total weight) x 100  
Percent passing = 100 - Percent retained on sieve  
This calculation is completed for both the coarse and fine aggregate.  
If an accurate determination of the amount of material passing the No. 200 was 
accomplished by performing T 11, subtract the weight after wash from the 
original weight and record as wash loss.  
Sum the cumulative weight retained on the No. 200, the weight of the Minus No. 
200 material, and the wash loss, and record as the weight check.  
To calculate the percent passing of the total sample for the fine portion of the 
aggregate, multiply the percent passing the No. 4 times the percent passing on 
each individual sieve in the fine aggregate portion and divide by 100. The 
equation is as follows:  
Percent total sample = [(Percent passing No.4) x (Percent passing smaller 
sieve)]/100  
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Final calculations of percentages passing are reported to the nearest whole 
number with the exception of the No. 200 which is reported to same significant 
digit as specified by the specification for the class of aggregate.  
For both the Plus No. 4 and Minus No. 4, compare the original weight to the 
weight check. Subtract the smaller value from the larger value, divide the result 
by the original weight, and multiply by 100, to obtain the percent difference. For 
acceptance purposes, the two must not differ by more than 0.3%.  
NOTES  
Accurate determination of material finer than the No. 200 sieve cannot be 
achieved by using this method alone. Test method T 11 for material finer than the 
No. 200 sieve by washing should be employed.  
Sieves mounted in frames larger than standard 8" diameter are used for testing 
coarse aggregate to reduce the possibility of overloading the sieves.  
When working with mixed materials that are coated, lumpy, or baked together, 
the material must be pulverized enough to separate the particles and remove the 
coating as much as possible. The idea is to pulverize enough to separate most of 
the particles, without breaking up any appreciable amount of individual material 
particles.  
In brushing the material out of the sieves, use the bronze brush for approximately 
the No. 30 sieve and coarser and the paintbrush for the finer sieves. Tapping the 
sieves lightly with a stick of wood on the retaining ring to facilitate removal of the 
particles is acceptable. Do not attempt to completely remove all the particles, but 
examine each sieve visually before and after sieving. The amount of aggregate 
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particles stuck in the mesh must appear to remain approximately the same for 
accurate results.  
Examine the sieves constantly for damage, which will affect the test results. A 
common occurrence is the separation of the mesh from the side of the sieve, 
especially in the finer sieves. Hold the sieves up to a light to inspect for damages.  
Dry the sample according to T 255 using an oven at a temperature of 230±9°F 
(110±5°C). If the sample is used to determine T 89, liquid limit, and T 90, plastic 
limit, the sample must be dried using an oven at a temperature of 140°F (60°C).  
CALIBRATION  
A calibration check of the equipment should be performed annually as a minimum, or 
whenever damage or repair occurs. 
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APPENDIX 3 
SOIL CLASSIFICATION AND ANALYSIS FOR DETENTION BASINS SITES 
Since all of the DBs had a texture classification of sandy loam, there is no bais to 
explain P observations based on texture classification. The USDA STATSGO soil data 
model gave information on fractions of sand, clay and silt. We used the formulas:  
Percent Sand =A1X1+A2X2….+AnXn  / A1+A2+....An *100 
Percent Clay =A1X1+A2X2….+AnXn  / A1+A2+....An *100 
to calculate the percents which were entered into the USDA soil texture calculator 
(http://soils.usda.gov/technical/aids/investigations/texture/) and it provided us with the 
classification. 
Black 
Mountain         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
2428200.00 0.13 0.65 0.20 0.14 
2498400.00 0.00 0.48 0.34 0.17 
2477700.00 0.00 0.58 0.25 0.17 
1947150.00 0.03 0.55 0.28 0.17 
546300.00 0.00 0.67 0.16 0.17 
982912.50 0.01 0.67 0.16 0.17 
    1581883.00 496090.00 350227.00 
    1209545.00 854830.00 434025.00 
    1426191.00 630049.00 421460.00 
    1072368.00 547351.00 327431.00 
    366057.00 89358.00 90885.00 
    658605.00 160786.00 163522.00 
    6314648.00 2778465.00 1787549.00 
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Equestrian         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
2413800.00 0.03 0.53 0.31 0.16 
2539800.00 0.01 0.65 0.23 0.13 
2443500.00 0.00 0.50 0.33 0.17 
3645900.00 0.13 0.62 0.25 0.13 
410287.50 0.25 0.69 0.20 0.12 
730800.00 0.12 0.68 0.20 0.12 
312750.00 0.01 0.68 0.20 0.12 
442012.50 0.34 0.68 0.20 0.12 
    1288731.00 745502.00 379567.00 
    1642503.00 576266.00 321031.00 
    1224808.00 812637.00 406055.00 
    2250996.00 904158.00 490746.00 
    281984.00 80605.00 47699.00 
    497327.00 147707.00 85766.00 
    212923.00 63138.00 36690.00 
    301106.00 88940.00 51967.00 
    7700375.00 3418953.00 1819522.00 
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Pioneer         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
1431000.00 0.48 0.63 0.24 0.13 
1345500.00 0.12 0.53 0.31 0.16 
1338300.00 0.15 0.52 0.32 0.16 
1813050.00 0.33 0.68 0.20 0.12 
972450.00 0.18 0.70 0.19 0.12 
184725.00 0.43 0.70 0.19 0.12 
    904157.00 338291.00 188551.00 
    708664.00 422008.00 214828.00 
    696591.00 425833.00 215876.00 
    1230418.00 366263.00 216370.00 
    675853.00 184766.00 111832.00 
    128384.00 35098.00 21243.00 
    4344067.00 1772258.00 968700.00 
 
Duck Creek         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
16987500.00 0.00 0.62 0.25 0.13 
17514000.00 0.00 0.62 0.25 0.13 
2322112.50 0.00 0.61 0.25 0.14 
4125487.50 0.00 0.61 0.25 0.14 
18647887.50 0.00 0.61 0.25 0.13 
29512012.50 0.00 0.62 0.25 0.13 
    10478934.00 4282756.00 2225810.00 
    10782470.00 4411975.00 2319555.00 
    1420203.00 585140.00 316769.00 
    2521498.00 1044019.00 559971.00 
    11466387.00 4696375.00 2485125.00 
    18191185.00 7439138.00 3881690.00 
    54860677.00 22459403.00 11788920.00 
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Red Rock         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
11121300.00 0.00 0.60 0.26 0.13 
19215000.00 0.00 0.50 0.34 0.16 
15998400.00 0.00 0.57 0.28 0.15 
10797300.00 0.01 0.49 0.34 0.17 
1233337.50 0.00 0.61 0.25 0.14 
8545162.50 0.01 0.61 0.26 0.13 
9270450.00 0.01 0.49 0.35 0.17 
2815087.50 0.00 0.61 0.25 0.14 
22196025.00 0.00 0.62 0.25 0.13 
5065200.00 0.00 0.61 0.25 0.14 
9411750.00 0.20 0.64 0.23 0.13 
17122500.00 0.01 0.59 0.27 0.14 
    6716625.00 2932334.00   
    9598823.00 6530839.00 1472340.00 
    9105109.00 4530612.00 3085338.00 
    5278586.00 3716333.00 2362679.00 
    750840.00 304548.00 1802380.00 
    5214511.00 2193016.00 177949.00 
    4498339.00 3218224.00 1137636.00 
    1713779.00 695125.00 1553888.00 
    13676552.00 5562233.00 406184.00 
    3083610.00 1250741.00 2957241.00 
    6055032.00 2141790.00 730849.00 
    10106916.00 4620618.00 1214928.00 
    75798722.00 37696412.00 2394965.00 
 
 
Mission 
Hills         
Shape_Area Pct_Imperv Fract_sand Fract_silt Fract_clay 
2543400.00 0.06 0.53 0.31 0.16 
2532600.00 0.09 0.60 0.26 0.14 
2509200.00 0.05 0.56 0.29 0.15 
2419200.00 0.04 0.51 0.33 0.16 
          
    1358646.00 783759.00 400995.00 
    1519198.00 659477.00 353925.00 
    1413822.00 720544.00 374833.00 
    1227980.00 792702.00 398518.00 
    5519646.00 2956482.00 1528272.00 
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Appendix 4 
PRECIPITATION DATA AND DISCHARGE CALCULATIONS  
Precipitation Data 
  
Red Rock 
4344     
Date Time (in) 
1/19/2010 23:08:30 0.00 
1/19/2010 19:08:45 0.00 
1/19/2010 18:11:21 0.04 
1/19/2010 18:02:07 0.04 
1/19/2010 17:36:58 0.04 
1/19/2010 17:21:47 0.03 
1/19/2010 17:09:09 0.04 
1/19/2010 11:08:29 0.04 
1/18/2010 23:08:27 0.00 
Mission 
Hills 
Detention 
Basin 
4764     
Date Time (in) 
1/19/2010 19:49:40 0.00 
1/19/2010 18:16:48 0.00 
1/19/2010 17:52:10 0.12 
1/19/2010 17:32:13 0.11 
1/19/2010 17:25:34 0.04 
1/19/2010 17:19:29 0.04 
1/19/2010 17:12:55 0.04 
1/19/2010 17:08:05 0.04 
1/19/2010 16:59:32 0.04 
1/19/2010 16:44:12 0.08 
1/19/2010 16:27:09 0.04 
1/19/2010 15:14:37 0.04 
1/19/2010 7:49:38 0.00 
1/18/2010 19:49:37 0.00 
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Pioneer  
Detention 
Basin 4769     
Date Time (in) 
1/19/2010 23:15:10 0.00 
1/19/2010 18:11:49 0.00 
1/19/2010 18:05:25 0.04 
1/19/2010 18:00:02 0.04 
1/19/2010 17:54:59 0.04 
1/19/2010 17:47:16 0.05 
1/19/2010 17:40:47 0.04 
1/19/2010 17:33:59 0.04 
1/19/2010  17:25:27 0.04 
1/19/2010 17:17:29 0.04 
1/19/2010 17:08:39 0.07 
1/19/2010 17:01:12 0.04 
1/19/2010 16:38:49 0.04 
1/19/2010 15:11:53 0.04 
1/19/2010 11:15:13 0.00 
1/18/2010 23:15:15 0.00 
 
 
 
 
 
 
 
 
 
 
 
Black 
Mountain 
Detention 
Basin 5634     
1/19/2010 19:59:04 0.00 
1/19/2010 18:08:09 0.00 
1/19/2010 17:55:46 0.08 
1/19/2010  17:50:41  0.04 
1/19/2010 17:37:43 0.04 
1/19/2010 17:33:18 0.04 
1/19/2010 17:29:09 0.04 
1/19/2010  17:22:44  0.04 
1/19/2010 17:13:59 0.08 
1/19/2010 16:58:06 0.04 
1/19/2010 16:43:48 0.04 
1/19/2010 16:32:06 0.04 
1/19/2010 15:13:48 0.04 
1/19/2010 7:59:04 0.00 
1/18/2010 19:59:04 0.00 
Equestrian 
Detention 
Basin 4754     
Date Time (in) 
1/19/2010 21:09:46 0.00 
1/19/2010  19:40:08 0.00 
1/19/2010 18:11:45 0.04 
1/19/2010 18:00:14 0.04 
1/19/2010 17:54:23 0.04 
1/19/2010 17:49:53 0.03 
1/19/2010 17:43:13 0.04 
1/19/2010 17:39:10 0.04 
1/19/2010 17:34:48 0.04 
1/19/2010 17:28:59 0.04 
1/19/2010 17:22:04 0.04 
1/19/2010 17:16:18 0.04 
1/19/2010 17:08:50 0.08 
1/19/2010 16:56:07 0.08 
1/19/2010 16:33:47 0.04 
1/19/2010 15:23:52 0.04 
1/19/2010  14:59:45 0.04 
1/19/2010  09:09:46 0.05 
1/18/2010 21:09:45 0.00 
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Discharge Data (based on the Curve Number Method) 
Q = (P-Ia)
2/(P-Ia)+S  
Q--runoff (in)  
P--rainfall (in)  
S = 1000/CN -10-- potential maximum soil moisture retention after runoff begins (in)  
Ia = 0.2S- initial abstraction or the amount of water before runoff, such as infiltration, or 
rainfall interception by vegetation  
CN curve number has a range from 30 to 100; lower numbers indicate low runoff 
potential while larger numbers are for increasing runoff potential  
S = 1000/CN -10  
Ia= 0.2S  
Q = (P-Ia)
2/(P-Ia)+S 
Detention Basin 
Red 
Rock 
Mission 
Hills Pioneer Equestrian 
Black 
Mountain 
Duck 
Creek 
P (in) 0.23 0.59 0.52 0.72 0.52 0.72 
CN 68.00 65.00 88.00 98.00 68.00 68.00 
S = 1000/CN-10 4.71 5.38 1.36 0.20 4.71 4.71 
Ia = 0.2S 0.94 1.08 0.27 0.04 0.94 0.94 
Q= (P-Ia)
2/(P-Ia)+S 3.99 4.90 1.61 0.88 4.28 4.48 
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